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Abstract of thesis: 
Microbiological examination is used worldwide to monitor and control the quality and 
safety of various types of water including drinking water, treated and untreated water 
for recreational purposes. Traditional methods for microbial detection include 
enrichment broths, selective agars, morphological and biochemical tests. However, 
these procedures are usually time-consuming and laborious. 
During the last few years, polymerase chain reaction (PCR) has been widely used to 
detect pathogenic microorganisms in water. Amplification of DNA sequences 
unique to a given organism improves the speed and sensitivity of the detection. This 
thesis describes a rapid, sensitive and quantitative detection method for water-borne E. 
coli 0157:H7, Legionella pneumophilia and Salmonella typhimurium. Since the 
number of bacteria in source water is usually low, so the samples need to be first 
enriched from a large volume. Water is first filtered and then immunomagnetic 
separation (IMS) method is used to trap the bacteria prior to DNA extraction and PCR. 
The positive amplified samples are then detected as specific bands on an agarose gel 
and the quantity can be enumerated using real-time quantitative PCR. The results 
indicated that different DNA extraction methods would affect the sensitivity of PCR. 
i 
In this project, Chelex method was used instead of boiling method and proteinase K 
method because it gave a lowest detection limit. The detection limit for E. coli 
0157:H7, L. pneumophilia and S. typhimurium were 10^ 10^ and 10^ CFU 
respectively, and no difference was found between nanopure water, river water and 
water with high concentration of background flora. The overall recovery efficiencies 
of filtration and IMS was 10.4%. Quantitative detection of E. coli 0157:H7, L. 








DNA聚合酶鏈式反應(DNA Polymerase Chain Reaction)近年來被廣泛地應用於 
檢測水中的致病微生物。選擇性地擴增特異的脫氧核糖核酸(DNA)序列，能夠大 
大改善檢測的速度和靈敏度。本論文主要記述一個快捷、靈敏和定量的對水中大 
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Chapter I. Introduction 
1.1. Bacteriological evaluation of water 
Microbiological parameters supply essential information on the quality of water and 
wastewater and on the risks of waterbome diseases. Microbiological monitoring of 
drinking water has been practiced in the United States and other countries since the 
beginning of the century. Potable water systems can become polluted with coliform 
and pathogenic bacteria from normal, diseased, or carrier human and animal 
excrements. This can occur by short-circuiting between a water main and a sewer, 
especially when the pressure in the water main is lower than the atmospheric 
pressure, or leaking of sewage water in damaged pipes. Also, deficiencies in water 
treatment may not allow eradiate all the pathogens. Some microorganisms may 
remain unaffected by the chlorine treatment. For example, Legionella species not 
only survive but also multiply in storage tanks and other water systems. 
Recreational water quality is also affected by sewage contamination and no-point 
sources of human and animal wastes. 
1 ^ 
1.1.1. Indicator organisms for monitoring water quality 
The microbiological examination of water is used worldwide to monitor and control 
the quality and safety of various types of water. These include potable waters 
(water intended for drinking or use in food preparation), treated recreational waters 
(swimming pools, spa pools, and hydrotherapy pools), and untreated waters used for 
recreational purposes such as sea, river, and lake water. 
Microbiological examination of water samples is usually undertaken to ensure that 
the water is safe to drink or bathe in. Many potential pathogens could be associated 
with water; however, it is not necessary to screen samples for all possible pathogens. 
Instead, various indicator organisms have been used as surrogate markers of risk. 
Most waterbome disease is related to fecal pollution of water pollution sources 
(Hunter, 1997), therefore water microbiology is largely based on the need to identify 
indicators of fecal pollution such as coliforms and E. coli, but the use of enterococci 
and Clostridium perfringens is increasing. In addition the less specific term 'fecal 
coliforms' (which includes species of Klebsiella, Enterobacter, and Citrobacter) is 
used in recreational water testing because the examination of large numbers of 
colonies to identify E. coli is labor intensive (Edberg et al, 2000). 
2 ^ 
1.1.2. Properties defined for indicator organisms 
To be qualified as an indicator of fecal contamination, it should meet number of 
requirements. (1) It should be present in greater numbers than any pathogen and 
should not be able to proliferate in water to any extent; (2) it should be more resistant 
than the pathogens to the aqueous environment and disinfection processes and (3) it 
should give simple and characteristic reactions enabling unambiguous identification 
in culture (Dawson and Sartory, 2000). 
1.1.3. Examples of common indicator organisms 
The most common indicator organisms that can be used to monitor water quality 
include total coliform, fecal Escherichia coli, fecal Streptococci, Klebsiella, 
sulphite-reducing Clostridia, Pseudomonas aeruginosa and Bacteroides fragillis. 
1.1.3.1. Total coliform group 
Coliform organisms occur in feces and sewage in relatively large numbers, but are 
also found in the environment in the absence of fecal contamination. Thus the 
presence of total coliforms alone in a water sample does not necessarily indicate 
faecal contamination, but may be due to inadequate treatment, non-fecal 
contamination or growth within the distribution system (Bej, 1990). 
3 ^ 
With regard to water microbiology, coliforms are defined as members of the family 
Enterobacteriaceae, which produce acid and gas from lactose within 48 H at 37°C, 
and normally possessing p-galactosidase. Organisms which conform to this 
definition and which are found in water supplies include member of the genera 
Buttiauxella, Citrobacter, Enterobacter, Escherichia, Hafnia and Serratia (Lee et al, 
1991). 
1.1.3.2. Fecal coliform Escherichia coli 
The fecal coliform bacteria are part of the total coliform group. The major species 
is Escherichia coli, a species indicative to fecal pollution and the possible presence 
of enteric bacteria. Test for fecal coliform bacteria makes it possible to separate the 
members of the coliform group found in the feces of warm-blooded animals from 
those found from other environmental sources. Organisms of fecal origin are 
detected at 44.5 土 O.20c incubation on an enriched lactose medium. The fecal 
coliform test is applicable to investigations of stream pollution, raw water sources, 
wastewater treatment systems, bathing water, seawater, and monitoring general water 
quality (Csuros and Csuros, 1999). 
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1.1.3.3. Fecal Streptococcus 
The group of bacteria term fecal streptococci includes a variety of catalase-negative 
gram-positive cocci, which occur in the intestinal tract of man and animals. The 
numbers present vary depend upon a variety of factors, including the nature of the 
diet. They are normally less numerous than E. coli in man, while in animals the 
converse is often the case. Fecal streptococci may occasionally be found in small 
numbers in foods and environmental samples not known to be fecal contaminated. 
They are, therefore, not invariably of intestinal origin (Borrego et al” 1990). The 
members of the group all possess the following characteristic: they are capable of 
growth at 45®C; they can grow in media containing 40% bile and concentrations of 
azide that inhibit most other bacteria; they can hydrolyze aesculin and possess Group 
D Streptococcal antigen (Lee et al, 1991). Some types of fecal streptococci tend to 
be more resistant to chlorination than coliforms and also tend to survive longer in the 
environment (Stetler, 1984). 
1.1.3A Klebsiella 
Klebsiella is included in the coliform group and may be associated with re-growth in 
water distribution systems. It is also the major component of the coliform 
population of industrial wastewater containing high bacterial nutrients; for example, 
5 ^ 
in paper mills, textile and sugar cane factories, farm production units, and other 
industrial food processing systems. These wastewaters are rich in carbohydrates 
and can support these organisms in the effluent and receiving waters (Csuros and 
Csuros, 1999). 
1.2. The need for specific detection of waterbome pathogenic 
organisms 
Water contaminated with infectious and toxigenic microorganisms has been a major 
public health concern throughout the world. Routine microbiological monitoring of 
water for pathogenic bacteria is required, therefore, to prevent the spread of 
waterbome diseases. However, various problems are encountered in monitor 
waterbome pathogens by culture methods. Because of these difficulties, pathogenic 
bacteria are normally not quantified in water quality monitoring programmes. 
Instead, coliform bacteria (particularly E. coli) that occur in high concentrations in 
animal feces have been widely used to indicate fecal pollution and, hence, the risk of 
potential exposure to pathogenic bacteria derived from animal or human wastes. 
Recent epidemiological data, however, indicated that pathogenic bacterial numbers 
and pathological incidence do not necessarily correlate with coliform or E. coli 
counts, and therefore detection of specific waterbome pathogens is needed (Kong et 
6 ^ 
al, 1995). 
1.3. Common waterbome pathogenic organisms 
Some of the common waterbome pathogenic organisms are listed (Table 1.1). 
1.3.1. Bacteria 
1.3.1.1. Escherichia coli 0157:H7 
There are four distinct groups of E. coli that cause gastrointestinal illnesses ranging 
from mild diarrhea, cholera-like diarrhea and potentially fatal complications such as 
hemolytic uremic syndrome (HUS) (Park et al, 1996). Enterotoxigenic E. coli 
(ETEC) produces cholera toxin-like enterotoxins that elicit profuse watery diarrhea 
(Olsvik et al” 1991). Enteropathogenic E. coli (EPEC) causes infantile diarrhea 
(Dormenberg and Whittam, 2001). Enteroinvasive E. coli (EIEC) invades intestinal 
epithelium and produces dysentery similar to that caused by Shigella sp. (Szakal et 
al, 2001). Enterohemorrhagic E. coli (EHEC) represents a subset of the so-called 
VTEC (verotoxin-producing E. coli) or STEC (Shiga toxin-producing E. coli) and 
have been recognized, since 1982, as human pathogens causing food-bome disease 
(Griffin and Tauxe, 1991). Since 1982, the number of cases reported has been 
7 ^ 
Bacteria Protozoa Viruses 
-Campylobacter spp. -Cryptosporidium parvum -Hepatitis A 
-Escherichia coli -Giardia lamblia -Poliovims 
-Salmonella spp. -Entamoeba histolytica -Rotavirus 




Table 1.1 Some of the common waterborne pathogenic organisms. 
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steadily increasing, and EHEC are now considered a serious health problem in many 
developed countries. EHEC can cause hemorrhagic colitis with bloody diarrhea. 
Especially in children the disease can progress into a more serious form, the 
hemolytic-uremic syndrome (HUS) (Karch et al, 1996), often with a fatal outcome. 
The most prominent representative of the EHEC is E. coli 0157:H7, but ~ 100 other 
serotypes of E. coli, for example 026 and 0103, have also been described to produce 
Shiga toxin and to cause disease (Zhang et al” 2000 and Marches et al, 2000). 
From epidemiological data, it is estimated that the infectious dose of E. coli 0157:H7 
is quite low (>10 organisms by mouth) (Ford, 1999). E. coli 0157:H7 lack the 
typical ability of E. coli to ferment lactose and may not be detected by routine 
methods (Johnson et al, 1998). 
Animals, especially cattle and other ruminants, are considered to be the main natural 
reservoir of E. coli 0157:H7. The route of transmission of E. coli 0157:H7 is 
mostly direct animal contact or the consumption of contaminated food，including 
beef, unpasteurized milk, and cheese, as well as uncooked vegetables. There is 
epidemiological evidence, however, that waterbome infections occur via recreational 
water, well water, contaminated public water, or paddling pools (Brewster et al” 
1994 and Rahn et al, 1997). Contaminated water has also been discussed as a 
9 ^ 
source of milk contamination with E. coli 0157:H7 on farm (Adesiyun et al, 1997). 
Because of methodological problems, little is known about the distribution of E. coli 
0157:H7 in natural water environments, but they have occasionally been detected in 
surface and wastewater. Recently, different strains producing verocytotoxin were 
isolated from water samples in Tasmania Australia (Manandhar et al, 1997) and PCR 
based methods have been developed for rapid detection of E. coli 0157:H7 in the 
environment (Tsen and Jian, 1998). E. coli 0157:H7 posses characteristics that 
facilitate their survival in the environment. Laboratory experiments have revealed 
that E. coli 0157:H7 is able to grow at temperatures between to 48°C and they 
are very acid resistant. It survives at pH of 2.5, and if pre-adapted, grows at pH of 4. 
This feature probably contributes to the low infectious dose observed. E. coli 
0157:H7 has not been isolated from drinking water supplies, although 
epidemiological data have shown drinking water to be associated with outbreaks. 
From the physiological characteristics of E. coli 0157:H7, one can assume that it 
has good survival in water. For other strains of E. coli, survival has been shown to 
be possible in distilled water, and growth occurred in drinking water and especially 
in artificial drinking water biofilms (Szewzyk et al, 2000). More research is 
needed to improve the methods for the detection of E. coli 0157:H7 in 
environmental samples, to get more information on the behavior of these bacteria in 
10 ^ 
natural habitats as well as during drinking water treatment and distribution. 
1.3.1.2. Salmonella typhimurium 
Salmonella typhimurium is another representative pathogenic bacteria that cause 
infectious disease in human. It is a rod-shaped, motile, non-sporeforming and 
gram-negative bacterium (Vantarakis et al, 2000). S. typhimurium is normally 
caused septicemic and produced typhoid or typhoid-like fever in humans. The most 
common clinical symptom is gastroenteritis, characterized by diarrhoea, cramps, 
vomiting and headache (Way et al, 1993). S. typhimurium is characterized by their 
prolonged survival rate in the environment and is ubiquitous, primarily reside in the 
intestinal tract of birds, reptile, farm animals and humans. Since S. typhimurium is 
intestinal organisms, it can be introduced into the environment through feces, 
polluting water and foods. Other environmental sources of this organism include 
soil, insects, factory surfaces, kitchen surfaces, raw meat, raw poultry, eggs and raw 
seafoods (Tietjen and Fung, 1995). Although S. typhimurium is most frequently 
associated with egg and poultry, outbreaks are not limited to these food sources. 
The municipal water supply in a rural Missouri township was responsible for a 1993 
S. typhimurium outbreak infecting more than 650 persons with seven deaths (Angulo 
et al, 1997). As conventional method for detection of S. typhimurium is largely 
11 ^ 
based on cultivation, which is insensitive and time-consuming, rapid method need to 
be developed for monitoring of this organism in source water to prevent the 
occurrence of outbreak. 
1.3.1.3. Legionellapneumophilia 
Legionella pneumophilia was discovered in 1976，when an outbreak occurred among 
veterans in a hotel in Philadelphia. About 200 of them fell ill with severe lung 
inflammation (pneumonia), and several died (Atlas, 1999). It took months before 
the causative agent of this outbreak was discovered--- a bacterium that did not grow 
on usual culture media. It was later named L, pneumophilia. Since then, >40 new 
species with � 6 0 serotypes of the genus Legionella have been identified, however, L. 
pneumophilia still responsible for most of the infections found. L. pneumophilia 
can cause two different types of disease, the above-mentioned pneumonia, called 
Legionnaires disease, and Pontiac fever, a milder, influenza-like form of disease. 
Both types of disease are caused by inhaling aerosols which containing L. 
pneumophilia. Ingestion as a cause of infection is very rare (Szewzyk et al, 2000). 
L. pneumophilia was found to be natural inhabitants of freshwater and soil. 
However, natural water sources are rarely connected to Legionella-mducQd disease 
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because the conditions in these waters do not allow L. pneumophilia to grow to high 
numbers. In laboratory experiments, L. pneumophilia was able to multiply at 
temperature between 20^C to 46^C, with an optimum growth temperature of �3 6 0 c 
(Wadowsky et al, 1985 and Yee and Wadowsky, 1982). The only natural waters 
spas with temperatures ranging from 30°C to 40°C and, occasionally, up to 60°C. 
L. pneumophilia is introduced into drinking water from the source water and are able 
to grow under favorable conditions in cold- and hot-water distribution systems, 
heaters, pools, and spas. Growth occurs also in cooling towers (Atlas, 1999). The 
main factors contributing to the growth of L. pneumophilia are nutrients, introduced 
by the water or by materials used in connection with the water, and the water 
temperature. The highest number of L. pneumophilia is found in water samples 
with temperatures of 30-40^C. Temperature >50^C leads to a decrease in the 
number of organisms, and temperatures >60^C or 70°C cause a rapid die off within 
minutes or seconds, respectively (Szewzyk et al, 2000). 
L. pneumophilia is able to survive in sterile drinking water for months or years, and 
survival is stimulated by the presence of other bacteria. It is, however, not able to 
multiply in water under sterile conditions. Growth is observed only in synthetic 
media containing special nutrients, in unsterilized drinking water, and in sterilized 
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drinking water after addition of sediment (Stout et al, 1985 and Wadowsky and Yee, 
1983). Furthermore, L. pneumophilia was shown to grow intracellularly in 
amoebae, like Acanthamoeba, Hartmannella, Valkampfia, and Naegleria spp., and in 
other protozoa, like ciliates of the Tetrahymena pyriformis group (Barker et al, 1992 
and Newsome et al, 1985). Not only do these hosts provide nutrients for L. 
pneumophilia, they also protect them from adverse environmental conditions. It has 
been reported that L. pneumophilia may be enclosed in cysts of amoebae and thereby 
protected from chlorination at levels as high as 50 mg chlorine/litre (Kilvington and 
Price, 1990). Because L. pneumophilia live in close association with other bacteria 
and protozoa, they are considered typical biofilm organisms. 
1.3.2. Protozoa 
Protozoans are eukaryotic organisms that inhabit water and soil and feed upon 
bacteria and small particulate nutrients. Among the large numbers of protozoans, 
only a few are pathogenic. One group of protozoans is called flagellates. These 
organisms are typically sipindle-shaped with flagella projections from the front end 
(Csuros and Csuros, 1999). An example of human parasitic flagellate is Giaradia 
lamblia. The parasite is found in the small intestine of humans and other mammals. 
It is passed out of the intestine and survives as a cyst before being ingested by the 
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next host. It is the cause of a prolonged diarrheal disease in humans called 
giardiasis (Kaucner and Stinear, 1998). The disease often persists for weeks and is 
characterized by weakness, nausea, weight loss, and abdominal cramp. The parasite 
sometimes occupies a very large place in the intestinal wall and disturbs absorption 
(Garcia, 1999). Most outbreaks in the world are transmitted by contaminated water 
supplies. The problem is that the cyst is not sensitive to regular disinfection by 
chlorine in the concentration recommended for drinking water (Hardie et al, 1999). 
The best treatment is to filtrate water supply to remove the cysts. 
1.3.3. Viruses 
Virus is the Latin name of poison. Viruses are found as parasites in all types of 
organisms. Viruses cause diseases in humans, animals, and plants. They also 
infect fungi, bacteria and protozoa. Viruses differ in size from bacteria. Although 
most viruses are much smaller than bacteria，some of the larger viruses are about the 
same size as small bacteria; the range of the diameter for viruses is 20 to 300 nm 
(Csuros and Csuros, 1999). Viruses are not normal flora of the intestinal tract, and 
they are excreted only by infected individuals. These viruses are transmitted most 
frequently from person to person by fecal-oral route. However, they are also 
present in domestic sewage which, after various degrees of treatment, is discharged 
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to either surface waters or land (Schaub and Oshiro, 2000). Consequently, enteric 
viruses may be present in sewage-contaminated surface and groundwaters that are 
used as sources of drinking water. The viruses are known to be excreted in 
relatively large numbers with feces include poliovirus, coxsackievirus, echovirus and 
other enterovirus, adenovirus, reovims, rotavirus, the hepatitis A, and the 
Norwalk-like agents that can cause acute infectious nonbacterial gastroenteritis 
(Csuros and Csuros, 1999). More than 100 different human enteric viruses are 
recognized. In temperate climates enteroviruses occur at peak levels in sewage 
during the late summer and early fall. However, the incidence of the diseases 
caused by hepatitis A virus (HAV), Norwalk-like viruses and rotaviruses occur in 
increased numbers in colder months (Csuros and Csuros, 1999). Most recognized 
waterbome virus disease outbreaks have been caused by sewage contamination of 
untreated or inadequately treated private and semipublic water supplies. 
1.4. Conventional approaches for pathogen detection 
Conventional approaches for pathogen detection rely solely on culture media for 
determining the number of viable cells or colony-forming units in a sample. The 
conventional methods basically involve five basic steps. The first is a non-selective 
pre-enrichment step in which pathogens are enriched in a non-selective medium. 
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The second is a selective enrichment step in which the sample is further enriched in a 
growth-promoting medium containing selectively inhibitory reagents. This medium 
allows a continued increase of target organisms while simultaneously restricting 
proliferation of most other organisms. Next is the selective plating step which 
using solid selective media that restrict growth of non-target organisms. The forth 
is the biochemical screening which providing biochemical data of isolates and 
assigns a tentative generic identification of target organisms cultures. The last is the 
serotyping step, which is the definitive step in using a serological technique that 
provides a specific identification of the cultures (Bailey et al, 1991). 
1.4.1. Examples of conventional detection methods 
The traditional method for detecting E, coli 0157:H7 involves pre-enrichment 
cultures, selective cultures and plating on sorbitol MacConkey (SMAC) agar. After 
an 18 h incubation at 35®C, typical E. coli 0157:H7 colonies are selected which are 
sorbitol-negative and appear pale when compared with the bright pink sorbitol 
positive colonies produced by most other E. coli strains (Chart et al., 1991; 
Sanderson et al., 1995). The selected colonies are then analysed by biochemical 
tests and examined for 0157 and H7 antigens by latex agglutination antibodies. 
The confirmed cultures are further typed for shiga-like toxin (SLT) by use of cell 
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culture and neutralizing antibodies to the toxin (Smith and Scotland, 1993). 
Another example of conventional approaches for pathogen detection is the 
identification of fecal E. coli in different samples. A sample is first grown on the 
lauryl tryptose (LT) broth and its lactose fermentation property is identified by gas 
production. The sample is subsequently transferred from gas-positive LT broth to E. 
coli (EC) broth, with similar gas production to confirm the existence of the microbe. 
Confirmation of E. coli is completed by streaking samples from gas-positive EC 
broth onto Levine eosine-methylene blue (EMB) agar and by biochemical 
characterization (Moberg, 1985). 
1.4.2. Problems related to the conventional detection methods 
There are numbers of problems that associated with the conventional detection 
methods. First, pathogenic bacteria normally occur in low numbers and high levels 
of competing microflora in water samples, therefore, this would incur large errors in 
sampling and enumeration (Fleisher, 1990). Second, culture techniques commonly 
used to detect for specific pathogens in water are invariably species-specific, tedious 
and time-consuming. Third, many pathogenic organisms in the environment, 
although viable, are either difficult to culture or non-culturable (Roszak and Colwell, 
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1987). These may due to sublethal environmental injury, chlorine injuring during 
the process of water purification and treatment, inability of target bacteria to take up 
nutrient components in the medium, and other physiological factors which reduce 
culturability (Pyle et al, 1999). In this context, it has been estimated that 
approximately 99% of organisms in environmental samples may not be detectable by 
culture methods (Faegri et al, 1977). 
1.5. Novel approaches for pathogens detection 
Because of the problems associated with the conventional detection methods, a 
number of novel rapid approaches were developed during the last few years. 
Generally, these methods can be divided into four groups--- modifications of media, 
nucleic acid-based methods, antibody-based methods and other methods including 
flow cytometry and biosensors. 
1.5.1. Modifications of media 
For methods involving modified media, usually, fluorogenic and chromogenic 
substrates are used. An example is a new U.S. Environmental Protection 
Agency-approved MI agar method for detection of total coliforms and fecal E. coli in 
water and food samples. The method is based on a biochemical reaction in which 
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galactosidase, an enzyme specific to total coliforms, cleaves the substrate 
o-nitrophenyl-P-D-galactopyranoside (ONPG) to produce a yellow color. An 
additional substrate, 4-methylumbelliferyl-P-D-glucuronide (MUG) is hydrolyzed by 
P-glucuronidase in E. coli to produce a blue fluorescent end product when visualized 
under long-wavelength UV-light (Brenner et al, 1996; Clark et al, 1991). 
Although this method is more rapid than the conventional culture methods and only 
28 h is required, it still cannot solve the problem of viable but non-culturable state of 
bacteria, thus, underestimate their numbers. 
1.5.2. Antibody-based methods 
The antibody-based assays are the largest group of commercial tests for detecting 
pathogens in a variety of samples. They can be classified into the following 
categories on the basis of their assay formats, including latex agglutination, 
enzyme-linked immunosorbent assay (ELISA), immunodiffusion, dipstick and 
antibody-epifluorescent staining. Among these, latex agglutination and ELISA are 
the most commonly used methods for pathogens detection (Tietjen and Fung, 1995). 
The agglutination assays use latex particles coupled with polyvalent antisera to 
various target pathogen antigens. The latex particles with bound target 
pathogen-specific antibodies amplify agglutination reactions and allow visual 
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identification of positive samples (D'Aoust et al, 1991). For the ELISA, the 
microelisa wells are first coated with primary polyclonal antibodies to the surface 
antigen of target pathogens, and the secondary monoclonal antibodies labeled with a 
horseradish peroxidase and substrates are then added. A colorimetric reaction 
would occur which can be detected spectrophotometrically (Fratamico and Strobaugh, 
1998). Although antibody-based methods are fast and convenient, its insensitive 
and non-specific reactions can occur due to cross-reactivity of the antibody with 
antigenically similar organisms, so all positives must be confirmed using 
conventional culture techniques. 
1.5.3. Nucleic acid-based methods 
A number of nucleic acid-based methods have been developed during the last few 
years, including DNA probe labeled with radioactive labeling, colorimetric DNA 
hybridization test and Polymerase Chain Reaction (PCR). PCR becomes a most 
popular method in recent years. The PCR technique is based on the reiteration of a 
three-step process: denaturation of dsDNA into single strands, annealing extension 
primers (specific synthetic oligonucleotide) to the ssDNA, and the enzymatic 
extension of the primer complementary to the ssDNA templates. During 20 to 40 
cycles of amplification, PCR amplifies millions copies of the original DNA (Tietjen 
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and Fung, 1995). As a result, PGR is fast, sensitive and specific test, as only 
species-specific sequence would amplify. 
1.6. Principles of pathogens concentration by filtration and 
Immunomagnetic separation (IMS) 
Immunomagnetic separation (IMS) techniques have become popular in the last 10 
years for their timesaving and specificity characteristics. The technique is efficient 
for isolating certain eukaryotic cells from fluids, such as blood, which has been 
useful in medical applications. More recently, the technique has found promise 
with prokaryotic organisms such as bacteria. IMS allows specifically binding a 
desired organism to bind to the magnetic bead before proceeding to subsequently 
identification procedures. This technique offers several advantages over other 
methods. First, the target organism is concentrated from a large volume to a more 
concentrated volume suitable for PGR. Secondly, PGR inhibitors inherent to the 
sample are removed (Olsvik et al, 1994). The design of the beads is unique. 
Most beads are 1 to 5 |im in diameter and are super-paramagnetic, meaning they are 
magnetic in presence of a magnetic field, but are nonmagnetic when the field is 
removed, allowing the beads to go back in suspension. The super-paramagnetic 
beads are uniform magnetic spheres made by mixing Fe^^ with uniformly size, 
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porous polymer beads. Dynal Dynabead has evenly dispersed FeiOs and Fe304. A 
new polymer surface layer (polystyrene) is then used to close the pores, thus holding 
the iron inside the bead (Haukanes et al, 1993). Most beads fall into three broad 
categories based on the structure attached to the outside layer of the bead: 
unmodified particles, chemically modified particles with general specificity ligands, 
and chemically modified particles with specific recognition groups. Unmodified 
particles are often used to attract carboxylate (COOH) or amine (NH2) groups of 
proteins. These beads are often impregnated with fluorescent labels, making the 
location of the target more visible. Secondly, particles with general binding ligands 
can be used to isolate mRNA, DNA and RNA. Finally, particles with specific 
binding ligands such as antibodies can be used to isolate bacteria, protozoan and 
viruses (Olsvik et al, 1994). 
Natural waters contain a wide variety of compounds such as humic acid, clay, heavy 
metals and organic compounds that are inhibitory to PCR. Immunomagnetic 
separation is one of the useful techniques that employed to solve this problem. In 
order to concentrate a large volume and separate target pathogens for analysis, 
two-step-filtration and IMS can be employed. First, water is pre-filtered through a 
borosilicate glass filter to hold back large, potentially inhibitory particles such as clay, 
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and then through a 0.2 f^m nylon membrane that trapped pathogens. In the second 
step, pathogens trapped on the membrane are released by washing with washing 
buffer. Paramagnetic beads coated with antibodies to surface antigens of pathogens 
are then used to separate and concentrate organisms from the sample. The 
pathogens, attached to the beads are lysed with chelex, and DNA is released into the 
supernatant. It is subsequently detected by PCR. 
1.7. Priniciples of pathogens detection by polymerase chain 
reaction 
Polymerase chain reaction (PCR) is a powerful tool in molecular microbiology and is 
found in a wide variety of applications in diagnostic and clinical microbiology. 
This technique enables the multiplication of species-specific target sequence, which 
increases the concentration of these sequences. A pair of short oligonucleotides 
(primers) which are designed to confine the amplified sequence. Primers are 
designed to anneal to the species-specific sequences. A thermocycler is utilized in 
order to provide the appropriate temperature and to facilitate amplification. PCR 
amplification involves the use of reagents at defined concentrations and 
characteristic temperature. Taq polymerase is a highly processive enzyme that 
functions optimally at temperatures of approximately 75^C to 80°C. It is able to 
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extend characteristically short primers up to lOkb. Taq polymerase is isolated from 
the thermophilic bacteria Thermus aquaticus, and is widely used for PCR 
amplification; however, many cycles at elevated temperatures decrease its efficiency. 
As a result, optimization procedures are required in order to find optimal reaction 
conditions for amplification. In order to extend the primer sequences with DNA 
polymerase, an optimal amount of dNTPs must be present. An increase of dNTPs 
concentration increases the error rate of the PCR, and a decrease of dNTPs 
concentration increases the amount of misincorporation of base pairs. An 
additional reagent that plays a crucial role in PCR amplification is the concentration 
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of magnesium ions (Mg ). The presence of magnesium ions facilitates the action 
of Taq polymerase and influences the denaturing temperature and primer annealing. 
The numbers of cycles influence the efficiency of the PCR amplification. In 
general, the cycle number is 30, which results in 10^ to 10^ folds of amplification of 
DNA molecules. 
Before denaturing, annealing and elongation are carried out; DNA is denatured in an 
initial cycle (Fig. 1.1). Then, the double stranded DNA molecules are denatured at 
temperatures ranging from 94°C to 97°C. Next, primers anneal to the target DNA 
at a lower temperature that are primer specific. Finally, the primers are elongated 
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by the thermo-stable DNA polymerase at 72^C. After the amplification is complete, 
an additional cycle at 72^C for approximately 10 min is preferred to complete the 
reaction. 
1.8. Principles of quantitative detection of pathogens using real-
time PCR 
Quantitative determination of waterbome pathogens is one of the fundamental parts 
of microbiological examination of water at the time of outbreak. It is valuable for a 
wide variety of proposes such as determines the infectious dosage of pathogens 
during waterbome outbreaks as well as for research purposes generally. One of the 
approaches for quantitative detection of pathogens is the 5’ nuclease (Taqman) PCR 
assay (Real-time PCR). 
The real-time PCR is a fluorescence-based PCR method for simultaneous target 
amplification and detection of a specific PCR product. The method exploits the 5' 
nuclease activity of DNA polymerase to cleave an internal oligonucleotide probe 
complementary to a region located between the primer binding sites (Fig. 1.2). The 
probe is dual labeled with a reporter dye at the 5’ end and a quencher dye at the 3， 
end. Both dyes are fluorogenic. When the probe is intact the fluorescence emitted 
by the reporter dye is absorbed by the quenching dye. In a PCR reaction, the probe 
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anneals to the target region and is cleaved upon elongation by the DNA polymerase. 
Upon cleaving of the probe between the reporter and quencher dyes, the reporter dye 
emission is no longer inhibited by transferred efficiently to the quenching dye. The 
result is an increase of reporter fluorescence emission, proportional to the amount of 
PGR amplicons accumulated. The specificity of the probe ensures that no signal is 
generated by non-target amplicons (Frydendahl et al, 2001). The signal is detected 
continuously with a sequence detector comprised of a 96-well thermocycler, argon 
laser and charge-coupled device (CCD) camera. The cycle at which the emission 
intensity of the sample rises above baseline is referred to as Ct (threshold cycle) and 
is inversely proportional to the targeted sequence concentration. The higher the 
target concentration, the lower the number of amplification cycles required to detect 
the rise in reporter emission above baseline. Thus, this can be used to quantify the 
initial number of template molecules in the reaction, as the Ct is inversely 
proportional to the logarithm of the initial number of target molecules. The Ct of a 
serial dilution of a known concentration of target molecule can then be used to 
formulate a standard quantification curve. By comparison between the Ct of 
unknown concentration of target molecule against the standard curve, the initial 
number of unknown target molecule can be deduced (Chen et al, 2000). 
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1.9. Aims of this study 
My study aims at development of a rapid and quantitative system for detection of 
representative water-borne bacterial pathogens E.coli 0157:H7, S. typhimurium and 
L. pneumophila using combination techniques of two-step-filtration, 
immunomagnetic separation and PCR. The recovery efficiencies of filtration and 
IMS, detection sensitivity and specificity of PCR and real-time PCR were also 
evaluated. 
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Chapter II. Detection of water-borne bacteria by 
polymerase chain reaction 
2.1. Introduction 
Recent outbreaks of infectious disease in both the developing world and 
industrialized countries underline the need for improvement to current 
microbiological detection methods and modification of existing water quality 
guidelines. According to a 1997 World Health Report, approximately 17 million 
people died in 1996 due to infectious diseases and parasitic illnesses (WHO, 1997). 
The strategic importance of water reservoirs and their protection is increasing 
globally, requiring new technologies and analysis techniques for provision of safe 
drinking water for communities. In many parts of the world water shortage is a 
reality, and contamination of both surface waters and groundwater is becoming an 
urgent international concern (Meakin, 1993). 
Many potential pathogens could be associated with water, it is thus impractical to 
screen samples for all possible pathogens. Instead, various indicator organisms 
have been used as surrogate markers of risk. Most waterborne disease is related to 
fecal pollution of water sources (Cotruvo, 1988), therefore water microbiology is 
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largely based on the need to identify indicators of fecal pollution such as coliforms 
and E. coli, but the use of enterococci and Clostridium perfringens is increasing 
(Barrell et al., 2000). However, the absence of such indicator organisms does not 
guarantee an acceptable level of water quality. For example, the largest disease 
outbreak correlated to water contamination in the US was reported in 1993/94 where 
over 400,000 people became ill with cryptosporidiosis. Although indicator counts 
did not reflect the actual contamination (i.e. fecal and total coliform counts were not 
above existing water guidelines), this outbreak represents the biggest outbreak ever 
(Kramer et al., 1996). The inability of traditional indicator methods to both detect 
protozoan cysts, enteric viruses and some pathogenic bacteria, and prevent 
waterbome disease outbreaks, has prompted study directed at pathogen-specific 
detection methods. 
Conventional methods for detection, isolation, and identification of waterbome 
bacteria require enrichment culturing of water samples for various lengths of time 
(depending on the target organism) followed by subculturing on a medium that 
contain selective agents and/or allows for differentiation of targeted bacteria colonies 
from among the background microflora. Presumptive colonies are ultimately 
identified by performed a series of biochemical and serological tests. Additionally, 
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tests for the presence of toxin produced by the targeted organisms, as well as for 
other virulence characteristics, may also be performed. Although traditional 
cultural methods can be sensitive, such methods are often laborious and time 
consuming, requiring 4 to 7 days or longer before definitive results can be obtained 
(Csuros and Csuros, 1999). An example of the traditional method for identifying E. 
coli 0157:H7 involves enrichment cultures, plating on sorbitol MacConkey (SMAC) 
agar, and selection for sorbitol-negative colonies (Chart et al., 1991; Sanderson et al., 
1995). The selected colonies are analyzed by biochemical tests and examined for 
0157 and H7 antigens by latex agglutination antibodies. The confirmed cultures 
are further typed for shiga-like toxin (SLT) by use of cell culture and neutralizing 
antibodies to the toxin (Smith and Scotland, 1993). 
During the past 10 to 15 years, great strides have been made in the development of 
rapid methods for detection, identification, and enumeration of waterbome pathogens. 
In addition to providing results in a shorter length of time than conventional methods, 
the rapid assays can also be more sensitive, specific, and accurate than classical 
methods. 
Polymerase chain reaction (PCR) technology is one of the most promising of the 
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rapid microbiology methods for the detection and identification of pathogens in a 
wide variety of samples. DNA amplification by PCR is an in vitro method for the 
specific amplification of target nucleic acid through repeat cycles of thermal 
denaturation, oligonucleotide primer annealing, and primer extension by a 
thermostable DNA polymerase. The high sensitivity and specificity of the PCR 
make it an attractive means for achieving this purpose (Gouws et al., 1998). 
This chapter describes a method for detection of E. coli 0157:H7, L. pneumophila 
and S. typhimurium in seeded water samples by polymerase chain reaction. The 
detection sensitivity of PCR with three different DNA extraction and purification 
methods—boiling method, proteinase K method and Chelex method were compared. 
The sensitivity and specificity of eae gene, mdh gene and flaR gene specific primers 
were also evaluated. 
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2.2. Materials and Methods 
2.2.1. Bacterial strains 
Six different strains were used for sensitivity and specificity studies. E. coli 
078:H11 (ATCC 35401)，Shigella flexneri (ATCC 29903), Listeria monocytogenes 
(ATCC 15313), E. coli 0157:H7 (ATCC 43895), S, typhimurium (ATCC 14028) and 
L. pneumophila (ATCC 33152) were obtained from the American Type Culture 
Center. Stock cultures were maintained frozen -70^C in 15% glycerol. Fresh 
bacteria cultures for use in experiments were produced by inoculation of frozen stock 
culture onto nutrient agar (Difco Laboratories, Detroit, MI) for E.coli 078:H11, S. 
flexneri and S. typhimurium, Trypticase Soy agar (Difco) for E, coli 0157:H7, Brain 
Heart Infiision agar (Difco) for L. monocytogenes and Charcoal Yeast Extract agar 
(Difco) for L. pneumophila. Plates were incubated overnight or 3-5 days in the case 
of L. pneumophilia at 37°C. Broth cultures were prepared by inoculation 
appropriate broth with cells from an agar plate and incubating them overnight, with 
shaking at 37^C. 
2.2.2. Bacterial enumeration 
To determine the number of viable bacteria in each dilution, samples were first 
counted with a hemacytometer (Cambridge Instruments Inc.), replicate samples of 
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the serial dilutions were plated onto agar plates. Colony-Forming Unit (CFU) of 
the targeted bacteria were determined by counting colonies with after overnight 
incubation at 37^C. 
2.2.3. DNA extraction and purification 
Since different DNA extraction methods are likely to affect the yield of DNA and 
therefore the detection limit of the method, so in this paper, the sensitivity of PCR 
with three different extraction methods were compared. 
2.2.3.1. Boiling method 
Pure culture was serial diluted in nanopure water (Bamstead). It was placed into 
microcentrifuge tube and centrifuged at 13,000 rpm for 15 min. Supernatant was 
discarded and the resulting pellet was resuspended in 100 |al nanopure water. It was 
then bolied in water-bath for 10 min, followed by centrifuged at 13,000 rpm for 15 
min. The supernatant (2.5|il) was used directly as template for PCR. 
2.2.3.2. Proteinase Kmethod 
Pure culture was serial diluted in nanopure water. It was placed into 
microcentrifuge tube and centrifuged at 13,000 rpm for 15 min. Supernatant was 
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discard and the resulting pellet was resuspended in 400 |al resuspension buffer. 
Fifteen \x\ of lysozyme solution (40 mg/ml) (Sigma) was added to the suspension and 
it was lysed at room temperature for 15 min. After that, 15 )il of proteinase K 
solution (20 mg/ml) (Sigma) were added, incubated at 65^C for an hour in a heating 
block and bolied at 95^C for 8 min. After boiling, 1 |il of RNase (10 mg/ml) 
(Sigma) was added and incubated at 37^C for 15 min. It was then centrifuged at 
13,000 rpm for 15 min and the supernatant was extracted twice with 
phenol/chloroform method. Eighty |il of 5M NaCl and double volume of 100% 
ethanol were added and stored at -20®C for at least an hour to precipitate the nucleic 
acid. After precipitation, it was centrifuged at 13,000 rpm for 15 min, supernatant 
was discard and washed twice with 70% ethanol. The pellet was air-dried and 
resuspended in 100 |uil nanopure water. Two half |li1 was used as template for PGR. 
2.2.3.3. Chelex method 
Chelex 100 (Bio-Rad Laboratories, CA) chelating resin has been previously 
developed for extracting human DNA from forensic-type samples for PCR (Walsh et 
al., 1991). Chelex provides protective effect against the degradation of DNA and 
helps in disrupting cellular external structures at high temperature (de Lamballerie et 
al” 1992). In Chelex extraction method, pure culture was serial diluted in nanopure 
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water. It was placed into microcentrifuge tube and centrifuged at 13,000 rpm for 15 
min. Supernatant was discard and the resulting pellet was resuspended in 100 of 
5% Chelex. It was incubated at 65^C for 2 hours in a heating block and then bolied 
in water-bath for 10 min, followed by centrifuged at 13,000 rpm for 15 min. Two 
half [x\ of the supernatant was used directly as template for PCR. 
2.2.4. Targeted sequences 
2.2.4.1. eaeA gene 
The eaeA gene of E. coli 0157:H7 encoded a 97-kDa outer membrane protein 
intimin. It is necessary for intimate attachment of the bacterium to colonic 
epithelial cells in vivo, which leads to damage of the intestinal epithelium, disruption 
of the enteric environment, and severe diarrhea (Donnenberg et al, 1993). The 5' 
coding region of eaeA gene in different E. coli strains are highly conserved, while the 
3’ region is divergent among different serotypes (Hu et al, 1999). In this 
experiment, a pair of coli 0157:H7 specific primers (eae-2613 5'-GCCTATTATG 
CTGATGCTATGTCCA-3，，eae-3098 5'-GTGTGGATGTTGTGAGCATAGTTGT-3') 
(GenBank accession number: S90872) amplified a 485 bp amplicon of eaeA gene 
were modified and adapted from the previous studies (Feng and Monday, 2000). 
The primers were purchased from Tech Dragon Limited. 
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2.2.4.2. mdh gene 
The mdh gene of S. typhimurium encoded an enzyme of tricarboxylic acid (TCA) 
cycle, malate dehydrogenase (Lu and Abdelal, 1993). In this experiment, a pair of 义 
typhimurium specific primers (mdh-494 5 '-TGCCAACGGAAGTTGAAGTG-3 
mdh-754 5'-CGCATTCCACCACGCCCTTC-3') (GenBank accession number: 
47776) amplified a 260 bp amplicon of mdh gene were modified and adapted from 
the previous studies (Lin and Tsen, 1999). The primers were purchased from Tech 
Dragon Limited. 
2.2.4.3. flaR gene 
T\\QflaR gene ofL. pneumophila encoded a DNA binding protein of 302 amino acids 
which belongs to the LysR family of transcriptional regulators. It is able to bind to 
the promoter region o f f l a A gene and may play a role in flagellin gene regulation in L. 
pneumophila. It is also indicated that this gene is L. pneumophila specific in which 
homologous genes only found in various L, pneumophila strains, but not in the 12 
non-pneumophila strains tested (Heuner et al, 2000). In this experiment, a pair of 
L. pneumophila specific primers (flaR-161 5 ‘ -ACCGACCTCAACTCACTGCG-3 ‘, 
flaR-529 5'-GGTCATAATAGTCCCTGCTCGC-3') (GenBank accession number: 
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11065775) amplified a 368 bp amplicon of flaR gene were purchased from Tech 
Dragon Limited. 
2.2.5. PCR amplification 
The PCR mixture contained IX PCR buffer II (10 mM Tris-HCl pH 8.3, 50 mM KCl) 
(Perkin-Elmer, USA), 2 mM MgCb, 1.5 |iM each of forward and reverse primer, 
1.25 mM each ofdATP, dGTP, dCTP and dTTP (Amersham Pharmacia Biotech Ltd.), 
2 U AmpliTaq Gold (Perkin-Elmer, USA) and 2.5 |al DNA template. Each reaction 
mix was made to a final volume of 25 i^l with nanopure water. For minimizing the 
false-positive results, separate sets of pipettes were used for setting up reactions and 
for post-PCR work, reagents were divided into aliquots, disposable gloves were worn, 
pre-mixtures were prepared, and the DNA was added last, as recommended (Kwok 
and Higuchi, 1989). 
DNA amplification was carried out in an automated DNA thermal cycler (model 
9700) (Perkin-Elmer, USA) with 1 min denaturation at 94°C, 1 min annealing at 
65°C and 1 min extension at 72°C over 35 cycles. Prior to cycling, 10 min 
incubation at 95°C was used to activate the AmpliTaq Gold as manufacturer's 
instructions. After 35 cycles, a 10 min final extension was performed at 72°C 
40 ^ 
followed by incubation at 
2.2.6. Gel electrophoresis 
PCR products were analyzed by gel electrophoresis. Eight |LI1 of each sample was 
loaded onto a 1.5% agarose gel and run in 0.5X TBE buffer (0.045 M Tris-boris acid, 
0.00IM EDTA) at 100 V for 90 min. Gel was stained with ethidium bromide (0.75 
|Lig/ml) and photographed under UV transillumination using the Gel Doc image 
analysis system (B&L, Imago Compact Imaging System). Product bands were 




2.3.1. Optimization of the PCR 
The concentration of the PCR reaction components was varied to find the optimal 
conditions for amplification of bacteria DNA. On comparison of the efficiency of 
amplication of bacteria DNA template by Taq (Sangon) and AmpliTaq Gold, 
AmpliTaq Gold gave higher yields of PCR product. MgCl2 concentration was 
varied between 1.5 and 5.0 mM, optimal concentration for PCR amplification was 2 
mM. Annealing temperature was varied between 53^C to 68°C，and the optimal 
temperature for annealing was found to be 65^C. A primer concentration of 1.5 jiM 
was found to be optimal for amplification (data not shown). 
2.3.2. Sensitivity of PCR detection 
Sensitivity of PCR with three different DNA extraction methods was evaluated. 
10-fold serial dilutions of template DNA of E. coli 0157:H7, L. pnuemophila and S. 
typhimurium were extracted by three different DNA extraction methods and were 
used for the PCR assay. 
2.3.2.1. Boiling method 
The detection limited of ICP CFU for E. coli 0157:H7 (Fig. 2.1), 10^ CFU for L. 
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pneumophilia (Fig. 2.2), and 10^ CFU for S, typhimurium (Fig. 2.3) were achieved 
using boiling method. 
2.3.2.2. Proteinase K method 
The detection limit achieved using proteinase K method were lO"^  CFU for both E. 
coli 0157:H7 (Fig. 2.4) and L. pneumophilia (Fig. 2.5) and 10^ CFU for S, 
typhimurium (Fig. 2.6). 
2.3.2.3. Chelex method 
The detection limit achieved using Chelex method was obviously lower than that of 
using boiling method and proteinase K method. For E. coli 0157:H7 and L. 
pneumophila, the detection limits were 10^  CFU (Fig. 2.7 & Fig. 2.8). While for S. 
typhimurium, the detection limit was 10 CFU (Fig. 2.9). 
2.3.3. Specificity of PCR detection 
The specificity of the PCR assay was determined with heterologous genomic DNA 
from 6 different strains--- E. coli 078:H11, S. flexneri, L. monocytogenes, E. coli 
0157:H7, S. typhimurium and L. pneumophila. 
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2.3.3.1. eaeA gene 
For PCR with eaeA gene specific primers, a 485 bp product was only amplified with 
the genomic DNA of E. coli 0157:H7, no band was observed with other bacterial 
strains (Fig. 2.10). 
2.3.3.2. mdh gene 
For PCR with mdh gene specific primers, a 260 bp product was only amplified with 
the genomic DNA of S. typhimurium, no band was observed with other bacterial 
strains (Fig. 2.11). 
2.3.3.3. flaR gene 
For PCR with flaR gene specific primers, a 368 bp product was only amplified with 
genomic DNA of L. pneumophilia, no band was observed with other bacterial strains 
(Fig. 2.12). 
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Fig. 2.1 Detection limited for E, coli 0157:H7 using boiling method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
10^-10^ CFU ofE. coli 0157:H7; Lane N: no template negative control. 
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Fig. 2.2 Detection limited for L. pneumophilia using boiling method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
10^-10^ CFU ofL. pneumophilia; Lane N: no template negative control. 
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Fig. 2.3 Detection limited for S, typhimurium using boiling method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
107-104 CFU of S. typhimurium; Lane N: no template negative control. 
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Fig. 2.4 Detection limited for E. coli 0157:H7 using proteinase K method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
10^-10^ CFU of 五.coli 0157:H7; Lane N: no template negative control. 
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Fig. 2.5 Detection limited for L pneumophilia using proteinase K method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
10^-10^ CFU of L. pneumophilia; Lane N: no template negative control. 
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Fig. 2.6 Detection limited for S, typhimurium using proteinase K method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-4: 
106-104 CFU of S. typhimurium; Lane N: no template negative control. 
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Fig. 2.7 Detection limited for E. coli 0157:H7 using Chelex method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
10^-10^ CFU oiE. coli 0157:H7; Lane N: no template negative control. 
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Fig. 2.8 Detection limited for L, pneumophila using Chelex method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-8: 
10^-10^ CFU ofZ. pneumophila; Lane N: no template negative control. 
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Fig. 2.9 Detection limited for S, typhimurium using Chelex method. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
10 -^10^ CFU of S. typhimurium; Lane N: no template negative control. 
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Fig. 2.10 Specificity of PCR detection using eaeA gene specific primers. 
Lane M: 100-bp molecular weight marker; Lane 1: E. coli 078:H11; Lane 2: S. 
flexneri) Lane 3: L. monocytogenes; Lane 4: E. coli 0157:H7; Lane 5: S. 
typhimurium; Lane 6: L. pneumophila. 
54 
M 1 2 3 4 5 6 
_ 一 
Fig. 2.11 Specificity of PCR detection using mdh gene specific primers. 
Lane M: 100-bp molecular weight marker; Lane 1: E. coli 078:H11; Lane 2: S. 
Jlexneri; Lane 3: L. monocytogenes'. Lane 4: E. coli 0157:H7; Lane 5: S. 
typhimurium; Lane 6: L. pneumophila. 
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Fig. 2.12 Specificity of PCR detection wsingflaR gene specific primers. 
Lane M: 100-bp molecular weight marker; Lane 1: E. coli 078:H11; Lane 2: S. 
flexneri; Lane 3: L. monocytogenes-. Lane 4: E. coli 0157:H7; Lane 5: S. 
typhimurium; Lane 6: L. pneumophila. 
56 
2.4. Discussion 
On a global scale, diarrhoeal diseases are a major source of morbidity and mortality, 
especially in developing countries. Many of these diseases may be transmitted via 
water used for drinking, food-preparation and ablutions. Microorganisms causing 
other infections may also be transmitted via the aqueous environment (Lee, 1991). 
As a result, microbiological examination of water is used worldwide to monitor and 
control the quality and safety of various type of water. Besides monitoring of the 
coliform level of water, specific examination for pathogenic organisms is required, as 
the occurrence of outbreak may not necessarily correlated to the coliform level. 
The methods need to be sensitive since the numbers of targeted organisms are 
usually small and the background high (Chalmers et al, 2000). In addition, the cell 
will be sublethally injured due to the osmotic pressure of the aquatic environment 
and may be entered the viable but nonculturable (VBNC) state (Szewzyk et al, 
2000). Conventional culture techniques may therefore underestimate the number of 
organisms. This calls for more accurate, sensitive and specific methods. In this 
paper, a rapid method for waterbome pathogen detection was developed and its 
sensitivity and specificity were determined. 
The sensitivity of three different DNA extraction methods was compared. Among 
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these methods, Chelex extraction was the most sensitive one. The detection limited 
for E. coli 0157:H7, L. pneumophilia and S. typhimurium were 10^ 10^  and 10^ CFU 
respectively, which was 1-log to 3-log lower than that of the boiling and proteinase K 
method (Table 2.1). The high sensitivity of Chelex extraction method may be due 
to the small number of steps involved and the consequent reduction in DNA loss. 
Moreover, the protective effect of Chelex against the degradation of DNA at high 
temperature may be another reason for the lower detection limit. For the proteinase 
K method, the detection limit was the highest. It may be due to more steps are 
involved and more DNA was lost at each steps. 
The specificity of the PCR assay was also evaluated. Specific PCR products can be 
amplified only with the corresponding bacterial genomic DNA. No cross-reactions 
or additional bands were observed with other non-targeted bacterial species. 
This paper demonstrated the sensitivity and specificity of the PCR detection of 
waterbome bacteria. Besides, PCR method also offers several advantages over 
conventional method. This method is able to identify waterbome pathogens 
regardless they are culturable or not, so the culture and enrichment of pathogens are 
not necessary. PCR reagents are more readily available and easier to store than that 
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required for serological procedures. Animals and the elaborate diagnostic 
equipment and media are not required, thereby increasing the flexibility of the 
detection and eliminating transport problems. 
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^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ E. coli 0157:H7 S. typhimurium L. pneumophilia 
Boiling method 10' CFU 10' CFU 10^  CFU 
Proteinase K 10' CFU 10' CFU 10^  CFU 
method  
Chelex method 10' CFU 10^  CFU 10' CFU 
Table 2.1 Sensitivity of PCR with different DNA extraction methods. 
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Chapter III. Concentration and separation of water-borne 
bacteria using two-step-filtration and 
immunomagnetic separation 
3.1. Introduction 
In environmental microbiology, the need for rapid methods to detect specific bacteria 
and confirm their viability or metabolic activity has been widely acknowledged. It 
is well known that traditional culture methods for detecting indicator and pathogenic 
bacteria in water may underestimate numbers due to sublethal environmental injury, 
inability of target bacteria to take up nutrient components in the medium, and other 
physiological factors which reduce culturability--- viable but nonculturable (VBNC) 
state (Smith et al, 1994; Szewzyk et al, 2000). Existing culture methods for \ 
examining water generally required enrichment followed by identification of the 
contaminating bacteria. More sensitive, rapid microbial detection methods are 
needed for many applications to complement or replace these traditional culture 
procedures, which require at least 1 day before definitive results are available. In 
the event of an outbreak, rapid methods can improve the probability of identifying 
the source and, ultimately, controlling the spread of infections. Among these, 
polymerase chain reaction (PCR) is one of the most favorable and rapid methods for 
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the detection and identification of pathogens in a wide variety of samples. 
Since the concentration of bacteria in source water is usually low, so a large volume 
(>1L) of samples needs to be analyzed. It is necessary to reduce the large volume 
to the microliter suitable for PCR. It is usually done by filtration through a filter 
cartridge or paper that retained the water-borne bacteria in water (Kaucner and 
Stinear, 1998). However, the concentration of bacteria in water samples may also 
enrich substances such as humic acids that can severely reduce PCR efficiency and 
reliability (Tsai and Olson, 1992). 
Natural waters contain a wide variety of organic compounds that result from 
biosynthetic and biodegradative processes in the environment as well as organic 1 
f 
compounds from material disposed in water (Abbaszadegan et al, 1993). The 
majority of organic matter in water consists of humic substances, which are divided 
into three groups on the basis of their solubilities in alkaline and acid solution. 
Humic acid is stable in alkaline solution but precipitates in an acid solution. Fulvic 
acid is the humic acid that stays in the aqueous acidified solution. Humin is the 
fraction that cannot be extracted by either an acid or a base. Humic acid has a 
higher molecular weight, less oxygen, and more carbon side chains than fulvic acid 
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(Tebbe and Vanjen, 1993). Humic acid adsorb to other organic substances, 
• 2+ 
including soil particles, and tend to form complexes with metal ions, such as Ca 
and Mg2+，causing them to precipitate. DNA polymerase used in PCR is sensitive 
to the contaminants and inhibitory substances present in water samples, such as 
organic material and metal ions. Organic substances, especially humic acid, can 
adsorb proteins or enzymes and interfere chemically or sterically with their active 
I I 
sites, and they can also bind divalent cations such as Ca and Mg，preventing them 
from being used as cofactors for the enzyme. It also reduces the specificity of PCR 
primers, resulting in nonspecific amplification in a sample (Muller-Wegener, 1988). 
A number of strategies have been employed to overcome PCR problems associated 
with interference from water samples. One of these techniques is immunomagnetic 
separation (IMS). It uses paramagnetic beads coated with covalently bound 
antibodies against specific surface markers on the target bacteria. With the aid of a 
magnetic particle separator, target cells can be separated from a water sample, 
eliminating the need for selective enrichment and shortening assay time (Mansfield 
and Forsythe, 1993). Besides this, bacteria bound to beads form aggregates that are 
drawn to the side of the tube by a magnet, and inhibitory factors in the test sample 
can be removed by washing the beads with buffer. The bacteria, still attached to the 
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beads, are lysed, DNA is released into the supernatant and subjected to PCR (Enroth 
and Engstrand, 1995). 
This chapter describes a method for concentration and separation of waterbome 
bacteria (E. coli 0157:H7, L, pneumophila and S. typhimurium) using 
two-step-filtration and immunomagnetic separation (IMS). First, water was 
pre-filtered through a borosilicate glass filter to hold back large, potentially 
inhibitory particles such as clay, and then through a 0.2 |jm nylon membrane that 
trapped bacteria. In the second step, bacteria trapped on membrane were released 
by washing with washing buffer. Paramagnetic beads coated with antibodies to 
surface antigens of bacteria were then used to separate and concentrate organisms 
from the sample. The bacteria, attached to the beads were lysed with Chelex, and 
DNA was released into the supernatant. It was then subsequently detected by PCR. 
The recovery efficiency and detection limited of PCR after filtration and 
immunomagnetic were determined. Moreover, the influence of the background 
flora in the water sample to the detection limit of specific bacteria, and the detection 
limited of the seeded water samples from Shing Mun River and Lam Tsuen River 
were also evaluated. 
Multiplex polymerase chain reaction (PCR) is a variant of PCR in which two or more 
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loci are simultaneously amplified in the same reaction. Since its first description in 
1988 (Chamberlain et al, 1988), this method has been successfully applied in many 
areas of DNA testing. Here, the sensitivity of multiplex PCR which two loci 
{eaeAlmdh), (eaeA/flaR) and (mdh/flaR) simultaneously amplified were investigated. 
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3.2. Materials and Methods 
3.2.1. Bacterial strains 
E. coli 0157:H7 (ATCC 43895), S. typhimurium (ATCC 14028) and L 
pneumophila (ATCC 33152) were used for the sensitivity study of filtration and IMS. 
E. coli 078:H11 (ATCC 35401) was used as a non-targeted bacteria (background 
flora) in the sensitivity test. They were all obtained from the American Type 
Culture Center. Stock cultures were maintained frozen -70°C in 15% glycerol. 
Fresh bacteria cultures for use in experiments were produced by inoculation of 
frozen stock culture onto nutrient agar {E.coli 078:H11, and S. typhimurium), 
Trypticase Soy agar (E. coli 0157:H7) and Charcoal Yeast Extract agar (Z. 
pneumophila). Plates were incubated overnight at 37°C. Broth cultures were 
prepared by inoculation appropriate broth with cells from an agar plate and 
incubating them overnight, with shaking at 37°C. 
3.2.2. Bacterial enumeration 
To determine the number of viable bacteria in each dilution, samples were first 
counted with a hemacytometer, replicate samples of the serial dilutions were plated 
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onto agar plates. CFU of the targeted bacteria were determined by counting colonies 
with after overnight incubation at 37^C. 
3.2.3. Filtration 
Since usually large volume of source water (>1L) need to be analyzed, so filtration 
cannot eliminated from the procedure. In this experiment, two-step-filtration was 
used. 
Pure culture was first serial diluted and seeded in 1 L nanopure water or river water 
sample. The 1 L water sample was pre-flltered through a borosilicate glass filter 
(Millipore) placed in a 250 ml glass funnel (Millipore) to hold back large, potentially 
inhibitory particles such as clay, then the filtrate was passed through a positively 
charged nylon filter membrane with a pore size of 0.2 [im (Zetapore; CUNO Inc.) to 
retain bacteria. The filter was rolled and sterily transferred with forceps to a 50 ml 
Falcon tube with cell-coated side facing inwards. The Falcon tube was filled with 10 
ml washing buffer (0.15 M NaCl, 0.01 M Sodium Phosphate buffer, pH 7.4 with 
0.05% Tween 20 [Sigma]). Membrane filter was immersed in the washing buffer, 
vortexed vigorously for 10 to 20 S to release the cells from the filter surface to the 
buffer. The membrane filter then removed from the Falcon tube. 
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3.2.4. Immunomagnetic separation (IMS) 
Natural waters contain a wide variety of compounds that are inhibitory to PCR. 
Immunomagnetic separation is one of the useful techniques that employed to 
overcome this problem. Paramagnetic beads are coated with polyclonal antibodies, 
which can separate targeted bacteria from a water sample. Beads-bacteria 
complexes are associated with a solid surface, which can be held stationary while the 
surrounding supernatant matrix is removed by repeated washing. Therefore, the 
technique effectively eliminates or greatly reduces the concentration of substances 
that might be inhibitory to PCR. 
3.2.4.1. Antibodies and Magnetic beads 
Immunomagnetic beads (diameter of 2.8 |am), pre-coated with an affinity-purified 
polyclonal antibody to E. coli 0157 and Salmonella spp. by the manufacturer 
(Dynabeads® anti-E. coli 0157 and Dynabeads® anti-Salmonella; Dynal, Inc.) were 
used. For L. pneumophilia, biotin conjugated, rabbit antibody (Biodesign) to L. 
pneumophila was used to coat with Dynabeads® M-280 Streptavidin (Dynal). 
3.2.4.2. Binding of antibodies to magnetic beads 
Dynabeads M-280 Streptavidin are uniform, superparamagnetic, polystyrene beads 
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with streptavidin covalently attached to the bead surface. Streptavidin is a protein 
(MW of approx. 66000) (Argarana et al” 1986) made up of four identical subunits, 
each containing a high affinity binding site as avidin does, but less non-specific in 
binding (Pahler et al, 1987). 
To coat the Dynabeads with L. pneumophilia specific antibody, 20 jiil of Dynabeads 
M-280 Streptavidin was resuspended and added to an eppendorf tube. The tube 
was placed in the magnetic separator rack (MPC-M; Dynal.) for 2 min. The 
supernatant was removed by aspiration with pipette while the tube remained on the 
magnetic rack. The tube was removed from the rack and 1 ml washing buffer (PBS, 
pH 7.4 containing 0.1% BSA) was added to the tube. The tube was placed in the 
rack, the washing step was repeated twice and 500 ml of washing buffer were added 
after the last wash. After that, 2 |ag of L. pneumophilia specific biotinylated 
antibodies were added and was incubated at room temperature for 30 min with gentle 
rotation of the tube. The Dynabeads M-280 streptavidine now coated with 
biotinylated antibodies were separated using the magnetic rack. The 
beads-antibodies were washed 5 times with washing buffer. Finally, 1 ml of 
washing buffer was added to resuspend the beads. 
69 
3.2.4.3. Immunomagnetic separation of bacteria in seeded samples 
Twenty of Dynabeads® anti-E. coli 0157, Dynabeads® anti-Salmonella or 1 ml of 
beads~L. pneumophilia specific antibodies were added to the 50 ml Falcon tube 
containing bacteria. The tube was centrifuged at 4,000 rpm for 20 min and the 
supernatant was discarded. One ml of nanopure water was added to resuspend the 
beads-bacteria complex. It was then transferred to a eppendorf tube and incubated 
at room temperature for 20 min with gentle continuous agitation to prevent the beads 
from settling. The tube was placed in the magnetic rack for 3 min and supernatant 
was discarded. The tube was removed from the rack and 1 ml of washing buffer 
was added. It was then placed in the rack again and the washing step was repeated 
once. After the last wash, the beads-bacteria complex was resuspended in 100 jal of 
5% Chelex solution and then subjected to DNA extraction. 
3.2.5. Determination of efficiency of filtration and Immunomagnetic 
Separation (IMS) 
In order to determine the recovery efficiencies of filtration and immunomagnetic 
Q 
separation, 10 CFU of E. coli 0157:H7, L. pneumophila or S. typhimurium were 
added to the 1 L of nanopure water and mixed well. It was then passed through a 
borosilicate glass filter and 0.2 i^m nylon membrane. Bacteria was finally captured 
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by the immunomagnetic beads. An aliquot of samples were taken out from each 
step and 10-fold serially diluted. Duplicate spread plate counts were performed. 
All plates were incubated overnight at 37^C, colonies were counted and the resulting 
counts were compared to the number of CFU in the original dilutions. 
3.2.6. DNA extraction 
All samples were extracted using Chelex method. Beads-bacteria complex was 
resuspended in 100 jul of 5% Chelex. It was incubated at 65°C for 2 hours in a 
heating block and then bolied in water-bath for 10 min, followed by centrifugation at 
13,000 rpm for 15 min. Two half jil of the supernatant was used directly as 
template for PCR. 
3.2.7. Multiplex PCR 
Multiplex PCR was performed in which two targeted bacteria {E.coli 0157:H7AS. 
typhimurium, E. coli 0157:H7/Z. pneumophilia or S. typhimurium/L. pneumophilia) 
were detected simultaneously. During the step of immunomagnetic separation 
(IMS), two different specific beads-antibodies were added to the washing buffer to 
capture the bacteria. The remaining procedures were the same as described in 
3.2.4.3. 
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3.2.8. PCR amplification 
The PCR mixture contained IX PCR buffer II (10 mM Tris-HCl pH 8.3，50 mM 
KCl), 2 mM MgCl2, 1.5 jiiM each of forward and reverse primers, 1.25 mM each of 
dNTPs, 2 U AmpliTaq Gold and 2.5 jal DNA template. Each reaction mix was 
made to a final volume of 25 |LI1 with nanopure water. 
DNA amplification was carried out in an automated DNA thermal cycler (model 
9700) with 1 min denaturation at 94°C, 1 min annealing at 65^C and 1 min extension 
at 72^C over 35 cycles. Prior to cycling, 10 min incubation at 95^C was used to 
activate the AmpliTaq Gold as manufacturer's instructions. After 35 cycles, a 10 
min final extension was performed at 72^C followed by incubation at 
3.2.9. Gel electrophoresis 
PCR products were analyzed by gel electrophoresis. Eight |LI1 of each sample was 
loaded onto a 1.5% agarose gel and run in 0.5X TBE buffer (0.045 M Tris-boris acid, 
O.OOIM EDTA) at 100 V for 90 min. Gel was stained with ethidium bromide (0.75 
jig/ml) and photographed under UV transillumination using the Gel Doc 1000 image 
analysis system. Product bands were identified by molecular weight comparison 
with the markers of a 100 bp DNA ladder 
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3.3. Results 
3.3.1. Efficiency of filtration and immunomagnetic separation 
The efficiencies of filtration and immunomagnetic separation of E. coli 0157:H7, S. 
typhimurium and L. pneumophila were evaluated. For E. coli 0157:H7, the average 
recovery efficiencies of two-step-filtration and IMS were 83.5%, 72.0% and 18.1% 
respectively (Table 3.1). The results were similar for S. typhimurium, the average 
recovery efficiencies were 82.1%, 75.6% and 17.3% (Table 3.2). For L. 
pneumophilia, the average recovery efficiencies were 84.6%，78.5% and 14.5% 
(Table 3.3). 
3.3.2. Detection limit of PCR 
3.3.2.1. Filtration and immunomagnetic separation 
The detection limits of PCR following filtration and IMS were determined. The 
detection limits of E, coli 0157:H7, S. typhimurium and L. pneumophila were 10 ,^ 
10^  and 102 CFU respectively (Fig. 3.1, 3.2 & 13). 
3.3.2.2. Influence of background flora 
The detection limit of PCR with the influence of background flora was investigated. 
o 10 CFU of E. coli 078:H11 was seeded simultaneous with the targeted bacteria as a 
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Recovery efficiencies (%) 
Range Average 
borosilicate glass filter 80.5-95.7 83.5 
0.2 |Lim nylon membrane 50.2-88.8 72.0 
IMS 6.4-27.3 K i 
Table 3.1 Recovery efficiencies of two-step-filtration and IMS for E, coli 
0157:H7 
74 
Recovery efficiencies (%) 
Range Average 
borosilicate glass filter 77.2-96.3 82.1 
0.2 |Lim nylon membrane 60.4-90.1 75.6 
IMS 6.3-25.4 173 
Table 3.2. Recovery efficiencies of two-step-filtration and IMS for S, 
typhimurium, 
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Recovery efficiencies (%) 
Range Average 
borosilicate glass filter 73.1-98.3 84^ 6 
0.2 |im nylon membrane 60.8-90.3 75.6 
IMS 4.3-22.4 iA5 
Table 3.3 Recovery efficiencies of two-step-filtration and IMS for L, 
pneumophilia, 
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background flora. The detection limits of E. coli 0157:H7, S. typhimurium and 
L.pneumophila were 10 ,^ 10^ and 10^ CFU respectively (Fig. 3.4, 3.5 & 3.6). 
3.3.2.3 Shing Mun River and Lam Tsuen River 
Shing Mun River and Lam Tsuen River were two well-known polluted rivers in 
Hong Kong. Water samples were taken and used in seeded experiment. With 
filtration and IMS, the detection limits were determined. For E. coli 0157:H7 and S. 
typhimurium, the detection limits were 10^ and 10^ CFU respectively (Sung Mun 
River [Fig. 3.7 & 3.8] and Lam Tsuen River [Fig. 3.9 & 3.10]). Non-seeded water 
samples were used in this experiment as negative control. No band was observed in 
the negative control, indicating that the water samples were originally contain none 
or amount less than the detection limit of E. coli 0151:H7 and S. typhimurium. 
3.3.3. Multiplex PCR 
Detection limits of multiplex PCR in which two targeted bacteria detected 
simultaneously were determined. The detection limit of E.coli 0157:H7AS. 
typhimurium, E. coli 0157:H7AL pneumophilia and S. typhimurium/L. pneumophilia 
were 10^  CFU (Fig. 3.11, 3.12 & 3.13). 
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Fig. 3.1 Detection limited of PCR detection for E, coli 0157:H7 following 
filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
10 -^10^ CFU ofR coli 0157:H7; Lane N: no template negative control. 
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Fig. 3.2 Detection limited of PCR detection for S. typhimurium following 
filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-4: 
104-102 CFU ofS. typhimurium; Lane N: no template negative control. 
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Fig. 3.3 Detection limited of PCR detection for L, pneumophila following 
filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
10^-10^ CFU of Z. pneumophila) Lane N: no template negative control. 
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Fig. 3.4 Detection limited of PCR detection for E. coli 0157:H7 with E, coli 
078:H11 as a background flora. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
10 -^10^ CFU ofE. coli 0157:H7 with 10^ CFU o£R coli 078:H11; Lane 8: 10^ CFU 
of E. coli 078:H11 only; Lane N: no template negative control. 
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Fig. 3.5 Detection limited of PCR detection for S, typhimurium with E, coli 
078:H11 as a background flora. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
10^-10^ CFU of typhimurium with 10^  CFU of 五.coli 078:H11; Lane 8: 10^ CFU 
of coli 078:H11 only; Lane N: no template negative control. 
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M 1 2 3 4 5 6 7 8 N 
Fig. 3.6 Detection limited of PCR detection for L. pneumophila with E, coli 
078:H11 as a background flora. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-7: 
IO6-IOI CFU ofZ. pneumophila with 10^ CFU of凡 coli 078:H11; Lane 8: 10^ CFU 
of E. coli 078:H11 only; Lane N: no template negative control. 
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M 1 2 3 4 5 6 N 
485 bp 
Fig. 3.7 Detection limited of PCR detection for E. coli 0157:H7 seeded in 
Shing Mun River water following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
10^-10^ CFU of E. coli 0157:H7; Lane N: no template negative control. 
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M 1 2 3 4 5 6 N 
•
260 bp 
Fig. 3.8 Detection limited of PCR detection for S. typhimurium seeded in Shing 
Mun River water following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: ^ 9 10 -10 CFU of S. typhimurium; Lane N: no template negative control. 
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M 1 2 3 4 5 6 N 
485 bp 
Fig. 3.9 Detection limited of PCR detection for E, coli 0157:H7 seeded in Lam 
Tsuen River water following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
lo^-ioi CFU oiE. coli 0157:H7; Lane N: no template negative control. 
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M 1 2 3 4 5 6 N 
• 一 
Fig. 3.10 Detection limited of PCR detection for typhimurium seeded in Lam 
Tsuen River water following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-6: 
6 2 10-10 CFU of S. typhimurium; Lane N: no template negative control. 
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M l 2 3 4 5 N 
Fig. 3.11 Detection limited of multiplex PCR for E. coli 0157:H7 and Z. 
pneumpohilia following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
5 2 
10-10 CFU ofE. coli 0157:H7 and L. pneumophilia; Lane N: no template negative 
control. 
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M 1 2 3 4 5 N 
368 bp 
Fig. 3.12 Detection limited of multiplex PCR forX typhimurium and L. 
pneumpohilia following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
10'-10' CFU of 5. typhimurium and L. pneumophilia; Lane N: no template negative 
control. 
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M 1 2 3 4 5 N 
485 bp 
260 bp 
Fig. 3.13 Detection limited of multiplex PCR for E, coli 0157:H7 and S. 
typhimurium following filtration and IMS. 
Lane M: 100-bp molecular weight marker; Lane 1: positive control; Lane 2-5: 
5 2 




Extraction and extensive purification of DNA from the waterborne microorganisms 
is necessary for successful detection by PCR amplification. Among the general 
environment contaminants, the presence of humic materials, clay, heavy metals and 
organic compounds potentially inhibits the PCR reaction. It has been found that 
addition of as little as 0.001 |Lig of montomorillite humic material in the PCR reaction 
inhibits the amplification process (Muller-Wegener, 1988). Much effort has been 
devoted to develop convenient methods to remove humic materials and other 
potential inhibitors from the water samples to achieve successful PCR amplification 
of targeting DNA. IMS is one of the most effective methods to achieve this purpose. 
In this paper, a method for concentration and separation of waterborne bacteria using 
two-step-filtration and IMS was developed. Its efficiency and sensitivity were also 
determined. 
The recovery efficiencies of filtration and IMS of E. coli 0157:H7, S, typhimurium 
and L. pneumophila were compared. The average recovery efficiencies of 
borosilicate glass filter, 0.2 [xm nylon membrane and IMS were 83.4%, 75.4% and 
16.6% respectively. The overall efficiency was 10.4% and the major loss of 
targeted bacteria was in the IMS step. This recovery efficiency of IMS was 
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consisted with the result of the manufacturer (Dynal). This ranged from 10% to 30% 
depending on different species and protocols such as concentration of beads, buffer, 
length of incubation time, temperature etc. 
The detection limit of PCR of E. coli 0157:H7, S. typhimurium and L. pneumophila 
followed filtration and IMS were 10^ 10^ and 10^ respectively. As the overall 
recovery efficiency of filtration and IMS was about 10%, the detection limit was 
10-fold higher than that shown in chapter 2. The sensitivity of this method needed 
to be increased by 1-log as the infectious dose of E. coli 0157:H7 and L. 
pneumophila are >10 CFU (Ford, 1999). This can be done by increasing the sample 
volume to be concentrated. 
Moreover, presence of high concentration of background flora (6-log higher than the 
targeted bacteria) and water samples from the polluted rivers did not affect the 
detection limit of this method. It showed that filtration and IMS could effectively 
eliminate background flora and potential inhibitors to PCR in water samples. Thus, 
magnetic bead technology is a powerful tool for water microbiology as it is simple to 
use, does not require expensive equipment, and can effectively separate and 
concentrate a range of rare molecules from background flora and inhibitory 
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materials. 
Environmental water samples may contain more than one type of microbial pathogen 
in addition to the indicator organism. Multiplex PCR is a useful tool for the 
detection of more than one target in one single PCR reaction. It reduces the time 
and cost, and is useful for monitoring multiple microbial pathogens in one single 
water sample. In this experiment, the detection limits of multiplex PCR of E. coli 
0157:H7AS. typhimurium, E. coli 0157:H7/Z. pneumophilia and S. typhimurium/L. 
o  
pneumophilia were all 10 CFU. The detection limits of E. coli 0157:H7 and L. 
pneumophilia in multiplex reaction were 1-log higher than that in the single loci PCR. 
This may be due to the combination of DNA and primers that complicated the 
reaction condition, parameter such as design of primers, reaction components and 
cycling conditions need to be modified to optimize the reaction. 
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Chapter IV. Quantitative determination of waterbome 
pathogens using real-time PCR 
4.1. Introduction 
Quantitative determination of waterbome pathogens is one of the fundamental parts 
of microbiological examination of water at the time of outbreak. It is valuable for 
determining the infectious dosage of pathogens during waterbome outbreaks as well 
as for research purposes generally. This can also help to establish a baseline for 
action in outbreak situations where pathogen numbers may greatly exceed acceptable 
levels of risk for such pathogens in population. To implement an action level for 
waterbome pathogens, sensitive methods for quantitation of pathogen numbers in 
water must be explored (Nogva et al, 2000). 
Conventional methods for quantitation of waterbome pathogens relied on cultivation 
and enumeration (Lyons et al, 2000). However, these methods are usually 
laborious, time-consuming and insensitive. In recent years, quantitative PCR for 
enumerating numbers of DNA molecules of a specific sequence in a sample has 
grown in popularity and its range of applications. 
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In many studies, PCR itself is treated as a semi-quantitative detection method. It is 
assumed that the relative abundance of amplicons generated during a fixed number 
of PCR cycles provides a measure of the gene dosage and gene ratio in the starting 
mixture. However, a number of factors are known to bias amplification and 
invalidate such assumption. Amplification may be hampered by sub-optimal 
conditions, including lack of primer specificity or formation of secondary structures 
of the template (Meyerhans et al., 1990; Pallansch et al., 1990). Moreover, 
formation of chimeric molecules during PCR (Wang et ai, 1997) was reported to 
bias PCR product formation. In particular PCR, a bias toward a 1:1 product 
formation ratio was observed irrespective of the initial template ratio (Suzuki and 
Giovannoni, 1996). In many reactions, however, amplicons generated from two 
templates seem to compete in such a way that amplification of the minor template 
appears to be suppressed by the amplification of the more abundant template. This 
observation led to the development of quantitative competitive PCR. 
In this approach, a fixed amount of a competitor DNA which is amplified by the 
same set of primers as the target DNA is added to a serial dilution of a template with 
an unknown concentration (Morrison and Gannon, 1994; Orlando ct al.. 1998; Wang 
et ai. 1989). The target and ihc competitor arc distinguished in post-PCR analysis, 
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either by a difference in size or by the presence of a unique restriction site, and the 
concentration is determined by comparison of the intensity of a stained amplicon. 
A theoretical basis for this quantification method was described before (Schnell and 
Mendoza, 1997). 
Quantitative competitive PCR requires time- and resource-consuming post-PCR 
analysis. An alternative is a single-step quantification techniques in which utilizes 
the 5’-3’ exonuclease activity of Taq polymerase to cleave a dual-labeled probe 
annealed to a targeted sequence during amplification. One of these methods is 
known as 5' nuclease (Taqman) PCR assay. 
In this assay, a specific oligonucleotide probe is annealed to targeted sequence 
located between the two primer binding sites. The probe is labeled with a reporter 
dye (6-carboxy-fluorescein [FAM]) at the 5' end and a quencher dye 
(6-carboxy-tetramethyl-rhodamine [TAMRA]) in the middle, or at the 3’ end. 
Modification of the oligo probe with a 3' blocking phosphate prevents extension of 
the annealed probe during amplification. For the intact probe, the fluorescence 
from the reporter is suppressed efficiently by the quencher dye spatial proximal to 
the reporter. Cleavage of the probe by 5，-3’ exonuclease activity of Taq polymerase 
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during strand elongation releases the reporter from the oligo probe and thus from the 
3’ quencher, resulting in an increase in reporter emission intensity (Heid et al, 1996). 
It is detected continuously with a sequence detector comprised of a 96-well 
thermocycler, argon laser and charge-coupled device (CCD) camera. An argon 
laser is used to excite electrons from the fluorescein reporter molecules. Emissions 
between 500 and 600 nm are captured through fiber optic cables and focused by 
dicroic mirror into a spectrograph. The light is separated based on wavelength 
across a CCD camera and the data analyzed by the software's algorithms (Lie and 
Petropoulos, 1998). The cycle at which the emission intensity of the sample rises 
above baseline is referred to as Ct (threshold cycle) and is inversely proportional to 
the targeted sequence concentration. The higher the target concentration, the lower 
the number of amplification cycles required to detect the rise in reporter emission 
above baseline. Thus, this can be used to quantify the initial number of template 
molecules in the reaction, as the Ct is inversely proportional to the logarithm of the 
initial number of target molecules. The Ct of a serial dilution of a known 
concentration of target molecule can then be used to formulate a standard 
quantification curve. By comparison between the Ct of unknown concentration of 
target molecule against the standard curve, the initial number of unknown target 
molecule can be deduced (Chen et al, 2000). 
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This chapter describes a method for quantitative determination of E. coli 0157:H7, L. 
pneumophila and S. typhimurium in seeded water samples using real-time PCR. 
The detection and specificity of eae gene, mdh gene and flaR gene specific primers 
and probes were also evaluated. 
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4.2. Materials and Methods 
4.2.1. Bacterial strains 
Six different strains were used for quantitative, sensitivity and specificity studies. E. 
coli 078:H11 (ATCC 35401), S. flexneri (ATCC 29903), L. monocytogenes (ATCC 
15313), E. coli 0157:H7 (ATCC 43895), S. typhimurium (ATCC 14028) and L. 
pneumophila (ATCC 33152) were obtained from the American Type Culture Center. 
Stock cultures were maintained frozen -70°C in 15% glycerol. Fresh bacteria 
cultures for use in experiments were produced by inoculation of frozen stock culture 
onto nutrient agar {E.coli 078:H11, S. flexneri and S. typhimurium), Trypticase Soy 
agar (E. coli 0157:H7), Brain Heart Infusion agar (Z. monocytogenes) and Charcoal 
Yeast Extract agar (L. pneumophila). Plates were incubated overnight or 3-5 days 
in the case of L. pneumophilia at 37°C. Broth cultures were prepared by 
inoculation appropriate broth with cells from an agar plate and incubating them 
overnight, with shaking at 37^C. 
4.2.2. Bacterial enumeration 
To determine the number of viable bacteria in each dilution, samples were first 
counted with a hemacytometer, replicate samples of the serial dilutions were plated 
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onto agar plates. CFU of the targeted bacteria were determined by counting colonies 
with after overnight incubation at 37°C. 
4.2.3. Primers and Probes 
Since the emission of fluorescence from the reporter is suppressed by the quencher 
dye due to its spatial proximity to the reporter, so several factors should be taken into 
consideration when designing primers and probes. The probe should be compatible 
with the chosen primer set, avoid the occurrence of primer-probe annealing events 
during amplification. To ensure probe annealing prior to primer extension, and 
hence efficient cleavage of the labeled probe during PCR, the probes，s calculated 
annealing temperature should ideally be 5-10°C higher than that of the primers. 
Mismatches in the middle of the probe should be avoided, especially because the 
efficiency of probe cleavage is dependent on the sequence complementarity between 
probe and template (Lee et al, 1993). As the reporter dye is also quenched by its 
proximity to guanine residues, probes with guanine at the 5' end are not 
recommended. Long runs of a single base (especially guanine or cytosine) should 
also be avoided. A 50% G/C content is desirable, with a preference for cytosine 
rather than guanine. Finally, the probe should be designed to anneal close to, but 
not overlapping, the forward amplification primer. All the primers and probes are 
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designed with the aid of Primer Express® software (ABI/ Perkin-Elmer, USA). In 
the experiment, DNA probe with conjugated minor groove binder groups (MGB 
probe) was used. It can increase the stability of DNA duplexes and allow use of 
shorter probes, which are more sensitive to single base mismatches. Besides, the 
shorter length also gives MGB probes better sequence specificity and lower 
fluorescent background in comparison to non-MGB probes (Kutyavin et al, 2000). 
4.2.3.1. eaeA gene 
The eaeA gene of E. coli 0157:H7 encoded a 97-kDa outer membrane 
protein---intimin as described in section 2.2.4.1. In this experiment, a pair ofE. coli 
0157:H7 specific primers (eae-2855 TGCGGTTTGTGTAGAATAATTCCA-3 
eae-2921 5 '-TATGCCCCGACTAAAACAATACATAT-3,) (GenBank accession 
number: S90872) amplified a 66 bp amplicon of eaeA gene were purchased from 
Tech Dragon Limited. The E. coli 0157:H7 specific MGB probe (FAM 
5'-ACCACCCCGGCTAA-3‘ TAMRA) complementary to the internal sequence of 
the above amplicon was labeled with the reporter dye (FAM) at the 5' end and the 
quencher dye (TAMRA) at the 3’ end. It was purchased from the Applied 
Biosystems Ltd. 
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4.2.3.2. mdh gene 
The mdh gene of S. typhimurium encoded an enzyme of tricarboxylic acid (TCA) 
cycle, malate dehydrogenase as described in section 2.2.4.2. In this experiment, a 
pair of S. typhimurium specific primers (mdh-516 5 ‘-GGTGATTGGCGGGCACT-3 ‘, 
mdh-582 5'-AAAACTTACGCCTGGAATCTGC-3') (GenBank accession number: 
47776) amplified a 66 bp amplicon of mdh gene were purchased from Tech Dragon 
Limited. The S. typhimurium specific MGB probe (FAM 5 '-CGTGACGATTCTG 
CCGCTGCTG-3’ TAMRA) complementary to the internal sequence of the above 
amplicon was labeled with the reporter dye (FAM) at the 5' end and the quencher dye 
(TAMRA) at the 3’ end. It was purchased from the Applied Biosystems Ltd. 
4.2.3.3. flaR gene 
The flaR gene of L. pneumophila encoded a DNA binding protein of 302 amino acids 
which belongs to the LysR family of transcriptional regulators as described in section 
2.2.4.3. In this experiment, a pair of L. pneumophila specific primers (flaR-395 
5'-GATGTCTTGAGCGCCTGGAA-3', flaR-461 5'-GGAGAACGAATATGGCTTG 
CA-3，）(GenBank accession number: 11065775) amplified a 66 bp amplicon of flaR 
gene were purchased from Tech Dragon Limited. The L. pneumophila specific 
MGB probe (FAM 5 A G AG AGTGCC ATTTAT-3 ‘ TAMRA) complementary to the 
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internal sequence of the above amplicon was labeled with the reporter dye (FAM) at 
the 5' end and the quencher dye (TAMRA) at the 3’ end. It was purchased from the 
Applied Biosystems Ltd. 
4.2.4. Targeted sequences cloning and sequencing 
Since the efficiency of probe cleavage is dependent on the sequence complementarity 
between probe and template, so mismatches in the probe should be avoided. In this 
experiment, DNA sequencing was performed in order to confirm the sequence of 
targeted genes. 
4.2.4.1. Amplification of targeted sequences by PCR 
A 50 PCR mixture used to amplify the eaeA, mdh and flaR genes contained 5 of 
DNA template, IX PCR buffer II (10 mM Tris-HCl pH 8.3，50 mM KCl)，2 mM 
MgCli, 1.5 [iM each of forward and reverse primer, 2.5 mM of dNTPs and 2 U 
AmpliTaq Gold. PCR was carried out under the following conditions: 1 min 
denaturation at 94^C, 1 min annealing at 65^C and 1 min extension at 72^C over 35 
cycles. Prior to cycling, 10 min incubation at 95^C was used to activate the 
AmpliTaq Gold as manufacturer's instructions. After 35 cycles, a 10 min final 
extension was performed at 72^C followed by incubation at 4°C in an automated 
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DNA thermal cycler (model 9700). 
4.2.4.2. Purification of PCR product 
After PCR amplification, the mixture was resolved by 1% TBE agarose gel 
electrophoresis, stained with EtBr and visualized using UV transilluminator (UVP 
Ltd.). The desired PCR fragment was excised using a clean scalpel and purified 
using QIAquick Gel Extraction Kit (QIAGEN) in accordance with the 
manufacturer's instruction. Briefly, the agarose gel slice was weighted and three 
vol. of Buffer QG solution was added (assuming that 100 mg is roughly equal to 100 
|al). The mixture was incubated at 50^C until the agarose had completely dissolved. 
Afterwards, one gel volume of isopropanol was added to the sample, mixed, applied 
the sample to the QIAquick column placed in a 2 ml collection tube and centrifuged 
for 1 min. The flow-through was discarded and placed back the column in the same 
collection tube. After all samples were applied to the column, 0.5 ml of Buffer QG 
was added to the column to remove all traces of agarose and centrifuged for 1 min. 
To wash the column, 0.75 ml of Buffer PE was added and centrifuged for 1 min. 
The flow-through was discarded and the column was centrifuged for an additional 1 
min at 13,000 rpm to remove residual ethanol from Buffer PE. The DNA was 
eluted by adding of 30 [i\ of nanopure water to the center of the membrane of column 
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and then centrifuged for 1 min to collect the eluted DNA. 
4.2.4.3. Ligation with cloning vector 
® 
A 10 [i\ ligation mixture contained equal molar amount of linearized pGem -T Easy 
Vector (Promega), the PCR fragments of eaeA, mdh or flaR gene, 1 |LI1 of lOX 
ligation buffer (50 mM Tris HCl, pH 7.8; 100 mM MgCl2； 100 mM DTT; ImM ATP; 
25 |Lig/ml BSA) and 400 U of T4 DNA ligase (New England Biolabs). Ligation 
reaction was performed at 16^C overnight. 
4.2.4.4. Transformation of E. coli DH5a cells 
Frozen competent E. coli DH5a cells were thawed on ice. One |LI1 of ligation mix 
was added and gently swirled to mix. The cells were then kept on ice for 30 min. 
After incubation, the cells were heat-shock at 42^C for 1 min and then put back on 
ice for another 1 min. Five hundreds \x\ of 37°C LB broth was added and the cells 
were agitated at 37°C, 225 rpm for 2 hours. Aliquots were spread onto LB-amp 
plates (LB agar plates supplemented with 100 |Lig/ml ampicillin) and incubated at 
37^C. Amplicillin-resistant transformants were visible after overnight incubation. 
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4.2.4.5. Plasmid DNA isolation 
Individual E. coli clone was picked with toothpicks and grown in 10 ml of LB broth 
supplemented with 100 |Lig/ml ampicillin at 37^C, 200rpm overnight. Plasmid DNA 
TM 
was isolated and purified using Concert Rapid Plasmid Miniprep System 
(GIBCOBRL) in accordance with the manufacturer's instruction. Briefly, the cells 
were harvested by centrifugation at 2500 rpm for 10 min. Supernatant was 
discarded and the cells were resuspended in 250 jLil of Cell Resuspend Buffer 
containing RNase A. Two hundreds and fifty of Cell Lysis Solution was added 
and mixed gently by inverting the capped tube several times. After incubation at 
room temperature for 5 min, 350 |li1 of Neutralization Buffer was added and mixed 
immediately, and centrifuged at 13,000 rpm for 10 min. The supernatant was 
loaded into the spin cartridge, centrifuged at 13,000 rpm for 1 min and the 
flow-through was discarded. Afterwards, 700 of Wash Buffer was added to the 
spin cartridge, centrifuged and the flow-through was discarded. It was then 
centrifuged for additional 1 min to remove residual wash buffer. One hundred i^l of 
nanopure water was added directly to the center of the spin cartridge and centrifuged 
to collect the eluted plasmid DNA. 
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4.2.4.6. DNA quantitation and sequencing 
® The concentration of plasmid DNA was determined using PicroGreen ds DNA 
quantitation reagent (Molecular Probes) in accordance with the manufacturer's 
® 
instruction. Briefly, an aqueous working solution of the PicroGreen reagent was 
prepared by making a 200-fold dilution of the concentrated DMSO solution in IX TE 
buffer. Two jtig/ml of calf thymus DNA stock was prepared in IX TE buffer and 
used for an eight point standard curve ranging from 1 pg/jil to 1000 pg/|il in 
duplicate, the 2 |Lig/ml DNA stock solution was diluted into disposal 96 well plate. 
For the sample preparation, 2 |LI1 of sample DNA was mixed with 98 |LI1 of IX TE and 
100 1^1 of diluted PicoGreen® reagent together. They were mixed well and 
incubated for 2 to 5 min at room temperature, protected from light. After the 
incubation, the sample fluorescence was measured using fluorescence microplate 
reader (CytoFluor 2300 system; Beckman) and standard fluorescein wavelengths 
(excitation: 480nm, emission: 520nm). After measurement, the data were used to 
generated a standard curve of relative fluorescence unit (RFU) versus DNA 
concentration (pg/pl) and the DNA concentration of the sample was determined from 
the standard curve. DNA sequencing was performed by Tech Dragon Limited. 
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4.2.5. Quantitation determination using real-time PCR 
Twenty five )LI1 of amplification reaction contained 2.5 |il of DNA sample, 12.5 of 
2X Platinum Quantitative PCR SuperMix-UDG (60 U/ml Platinum Taq DNA 
polymerase, 40 mM Tris-HCl [pH 8.4], 100 mM KCl, 6mM MgCli, 400 |LIM each of 
dGTP, dATP and dCTP, 800|LIM dUTP, 40 U/ml UDG and stabilizers) (GibcoBRL), 
400 nM of forward and reverse primers, 0.2 [iM of MGB probe and ROX dye. The 
6-carboxy-X-rhodamine (ROX) dye in this reaction mixture was used as a passive 
reference that did not participate in the 5' nuclease assay. The passive reference 
provided an internal reference to which the reporter-dye signal can be normalized 
during data analysis. Normalization was necessary to improve the accuracy of 
determinations by correcting fluorescent fluctuations due to changes in concentration 
or volume. In each assay, two wells were used as no-template control (NTC), 
which contained all the reagents except for the internal control template and sample. 
The reaction tubes were MicroAmp Optical tubes, and the tube caps were MicroAmp 
optical caps. All consumables were supplied by PE Biosystems. 
Before amplication, the PCR mixture was heated to 95^C for 10 min to denature the 
template DNA. The amplification profile was as follows: 40 cycles of 95°C for 20s 
and 60^C for 1 min. Reactions were performed in the ABI Prism 7700 Sequence 
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Detection System (PE Biosystems). Reaction conditions were programmed and 
data were analyzed on a Power Macintosh (Apple Computer) linked directly to the 
ABI Prism 7700 Sequence Detection System using the SDS 1.6 application software 




4.3.1. Determination of targeted sequences 
The DNA sequences of eaeA, mdh and flaR gene were shown (Fig. 4.1，4.2 & 4.3). 
The location of specific primers and probes were also indicated. 
4.3.2. Reading of fluorescence intensity and data analysis 
In this experiment, the equation ARn二 Rn+ - Rn" was used to analyze the data. The 
variables are defined as followed: Rn is the reporter dye (FAM) emission intensity 
divided by passive reference dye (ROX) emission intensity, Rn+ value is the Rn 
value of a sample, and Rn" value is the average Rn value of the no-template controls 
(NTC). The ARn values of the samples and the NTC were then plotted against the 
number of amplification cycles, which called a amplification plot. One then chose a 
threshold signals, which intersected the amplification curves in the linear region of 
the semi-log plot. This gave threshold cycles (Ct), which are defined as PCR cycle 
at which a significant increase in fluorescence is first recorded, increases as the 
initial number of template molecules DNA decreases. This was expected because 
samples containing low concentration of template DNA would required more PCR 
cycles to replicate enough copies to produce a significant fluorescent signal. Thus 














Fig. 4.1 Partial sequence of eaeA gene showing the locations of primers and 
MGB probe for real-time PCR. 
Sequences of primers are underline and sequence of MGB probe is in bold. 







mdh-probe ^ mdh-516 
TTCCGTTGGCA 
Fig. 4.2 Partial sequence of mdh gene showing the locations of primers and 
MGB probe for real-time PCR. 










flaR-probe ^ flaR-461 
ATAGAATATTTGCGTATGCCTTCCATACGAATGATTCCTGTTGCGAGCAGGG 
ACTATTATGACC 
Fig. 4.3 Partial sequence of flaR gene showing the locations of primers and 
MGB probe for real-time PCR. 
Sequences of primers are underline and sequence of MGB probe is in bold. 
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serial dilution of samples. Since the Ct values have a dynamic range of 7 to 8 logs, 
these can also be used to quantify the input target concentration by plotted against 
log input and gave standard curves for quantification of unknown samples (Kimura 
et al, 1999). 
4.3.3. Sensitivity of real-time PCR 
Sensitivity of real-time PCR following filtration and IMS was evaluated. 10-fold 
serial dilutions of E. coli 0157:H7, L. pnuemophila and S. typhimurium were seeded 
into nanopure water, followed by filtration and IMS, and DNA was extracted by 
Chelex method. The supernatant was then subjected to real-time PCR. 
For E. coli 0157:H7 and L. pnuemophila, the detection limits were 10^ CFU. The 
Ct values (determined from the amplification plots [Fig. 4.4 & 4.5]) of cells lower 
than 102 CFU were near the value of NTC (Table 4.1 & 4.2). While for S. 
typhimurium, the detection limit was 10^  CFU. The Ct values (determined from the 
amplification plots [Fig. 4.6]) of cells lower than 10 CFU was near the value of 
NTC (Table 4.3). 
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Fig. 4.4 Amplification plot showing the detection limit of real-time PCR for E, 
coli 0157:H7 following filtration and IMS. 
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N I C 40.00/40.00 
Table 4.1 Sensitivity of real-time PCR for E. coli 0157:H7. 
All samples were done in duplicate. 
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Fig. 4.5 Amplification plot showing the detection limit of real-time PCR forL. 
pneumophilia following filtration and IMS. 
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m C 40.00/40.00 
Table 4.2 Sensitivity of real-time PCR for L, pneumophilia. 
All samples were done in duplicate. 
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Fig. 4.6 Amplification plot showing the detection limit of real-time PCR for S. 
typhimurium following filtration and IMS. 
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Amount of bacteria (CFU) Threshold cycle (Ct) 
i F 21.29/21.19 
10^ 24.77/24.39 






Table 4.3 Sensitivity of real-time PCR for S, typhimurium. 
All samples were done in duplicate. 
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4.3.4. Specificity of real-time PCR 
The specificity of the real-time PCR was determined with heterologous genomic 
DNA from 6 different strains…E. coli 078:H11, S. flexneri, L. monocytogenes, E. 
coli 0157:H7, S. typhimurium and L. pneumopMa. Only targeted strains (E. coli 
0157:H7, S. typhimurium and L. pneumophila) gave elevated signals while all 
non-targeted strains gave no signal during real-time PCR (Table 4.4, 4.5 & 4.6). 
4.3.5. Quantitation analysis in seeded samples 
The number of E. coli 0157:H7, S. typhimurium and L. pneumophila were 
determined using the real-time PCR. The Ct values of a serial dilution of DNA 
from known concentration of bacteria were used to construct standard curves (Fig. 
4.7, 4.8 & 4.9). DNA from 10^  CFU of bacteria (extracted by Chelex method 
following filtration and IMS) were used in quantitative analysis by comparing the Ct 
values with the standard curves. The results of E. coli 0157:H7, S. typhimurium 
and L. pneumophila were 1.3X10^ 1.4X10^ and 1.25X10^ respectively (Table 4.7, 
4.8 & 4.9). 
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Species Threshold cycle (Ct) 
E. co//078:Hll 40.00/40.00 
S, flexneri 40.00/39.21 
L. monocytogenes 40.00/40.00 
E. coliO\51\Wl 17.33/17.29 
S. typhimurium 40.00/39.85 
L. pneumophila 40.00/40.00 
NTC 40.00/40.00 
Table 4.4 Specificity of real-time PCR using eaeA gene specific primers and 
probe. 
All samples were done in duplicate. 
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Species Threshold cycle (Ct) 
E. coliOlS-mi 39.21/40.00 
S. flexneri 40.00/38.78 
L. monocytogenes 40.00/40.00 
E. coli 0157:m 39.61/38.45 
S. typhimurium 18.87/18.79 
L. pneumophila 40.00/40.00 
N I C 40.00/40.00 
Table 4.5 Specificity of real-time PCR using mdh gene specific primers and 
probe. 
All samples were done in duplicate. 
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Species Threshold cycle (Ct) 
E. coliOlSMU 40.00/40.00 
S. flexneri 40.00/40.00 
L. monocytogenes 40.00/40.00 
E. coliO\51\Wl 40.00/40.00 
S. typhimurium 40.00/40.00 
L. pneumophila 16.53/16.69 
NTC 40.00/40.00 
Table 4.6 Specificity of real-time PCR using flaR gene specific primers and 
probe. 
All samples were done in duplicate. 
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Sample type Threshold cycle (Ct) Average quantity 
(CFU) 
Standard 1 22.73/22.79 1X10^ 
Standard 2 26.43/26.41 1X10' 
Standard 3 30.20/30.49 lXl(f 
Standard 4 3 4 . 3 1 / 3 4 . 2 6 1X10' 
Standard 5 36.53/37.40 1x10^ 
Standard 6 38.51/37.15 1x10' 
Unknown 35.84/35.33 1.3X10^ 
NTC 40.00/40.00 0 
Table 4.7 Quantitation of E. coli 0157:H7 in seeded water sample using 
real-time PCR. 
All samples were done in duplicate. 
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Fig. 4.7 Standard curve for quantitative determination of E, coli 0157:H7 
using real-time PCR. 
Black dots indicate standard samples and red dots indicate unknown sample 
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Sample type Threshold cycle (Ct) Average quantity 
(CFU) 
Standard 1 17.96/17.86 1.2X10, 
Standard 2 21.19/21.29 1.2X10'' 
Standard 3 24.39/24.77 1.2X10' 
Standard 4 28.01/28.43 I.IXIO"" 
Standard 5 31.65/31.73 1.2x10^ 
Standard 6 35.63/34.89 1.2x10^ 
Unknown 34.74/34.99 1.4X10^ 
NTC 40.00/40.00 0 
Table 4.8 Quantitation of S, typhimurium in seeded water sample using 
real-time PCR. 
All samples were done in duplicate. 
127 
‘ ' ' " " . l l l l l l 二 40.00^  - = »• j 1- 1 1 1 ： Unknowns • ； 
I —: : : :� ; : : : :——…——.a ：  
�J 3 0膨—— ^ I - - - . . i Standards. � • , 
I -’. - — … 卜 并 ― … “ ； 
： i ：才：： : : = = : : = = : : : "：：： : : E ：；： - - --^； 
� 1 職 U - . . . — . . . - I 4?.4，4」 P 1 ！ I 1 Correlation . 0999 ‘ SXO,—--… ——-... 1 coeff! 、丨 
0.00』 1_ 1 、、广 
V 寸 I ^ 
-5.00 iihiiii iitiiiw UMiii itiUMi titiw iiililM^iiiiiii iiiiift , 、； ^ 
I , � ‘ � , “v ��� -- , ' �r , � � “ : 
Fig. 4.8 Standard curve for quantitative determination ofiSl typhimurium using 
real-time PCR. 
Black dots indicate standard samples and red dots indicate unknown sample 
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Sample type Threshold cycle (Ct) Average quantity 
(CFU) 
Standard 1 17.87/17.66 3X10^ 
Standard 2 21.09/21.07 3X10' 
Standard 3 24.38/24.34 SXIO* 
Standard 4 27.62/27.72 3X10' 
Standard 5 30.93/31.16 3x10^ 
Standard 6 34.38/34.43 3x10' 
Unknown 32.38/32.18 1.25X10^ 
NTC 40.00/40.00 0 
Table 4.9. Quantitation of L. pneumophilia in seeded water sample using 
real-time PCR. 
All samples were done in duplicate. 
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Fig. 4.9 Standard curve for quantitative determination of L. pneumophilia 
using real-time PCR. 
Black dots indicate standard samples and red dots indicate unknown sample 
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4.4. Discussion 
In this chapter, a real-time PCR for the quantitative detection of E. coli 0157:H7, S. 
typhimurium and L. pneumophila in seeded samples was described. Sensitivity and 
specificity of this method were also evaluated. 
2 
The sensitivity for E. coli 0157:H7, L. pnuemophila and S. typhimurium were 10 
and 10^ CFU respectively, which were equivalent to the results obtained from the 
PCR with agarose gels detection. Moreover, real-time PCR is rather specific as 
previous study indicated that it is sensitive to a single-base mismatch in the probe 
(Oberst et al, 1998). In this experiment, only targeted strains gave elevated signals 
while all non-targeted strains had no signal during real-time PCR. Using the 
real-time, the quantity of E. coli 0157:H7, L pnuemophila and S. typhimurium were 
determined, they were 1.3X10^ 1.4X10^ and 1.25X10^ respectively. The quantity 
determined were about 13%, 14% and 12.5% when compared with the original 
amounts (10^). The loss of quantity was greatly due to the filtration and IMS as 
discussed before, and the results were compatible to the recovery efficiencies 
determined in chapter 3. 
Real-time PCR demonstrated several advantages over other quantitative PCR 
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approaches. The fluorogenic assay was convenient, self-contained process. The 
only necessary steps were the reaction setup and the tube sealing. Unlike other 
quantitative PCR methods, real-time PCR did not require post-PCR sample handling, 
thus preventing potential PCR product carryover contamination and resulting in 
much faster and higher throughput assays. Real-time PCR had a very wide 
dynamic range of starting target molecule determination (at least 5 logs). Therefore, 
it is not necessary to perform separate assays with corresponding standard curves of 
different concentration ranges for samples with widely differing copy number, nor 
was it necessary to perform sample dilutions to ensure that sample measurements fell 
within the range of values set by the standard curve. 
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Chapter V. Conclusion and future perspectives 
Microbiological examination is used worldwide to monitor and control the quality 
and safety of various types of water including drinking water, treated and untreated 
water for recreational purposes. Traditional methods for microbial detection are 
usually time-consuming and laborious. Dunn g the last few years, polymerase chain 
reaction (PCR) is widely used to detect pathogenic microorganisms in water. Since 
the numbers of bacteria in source water is usually low, so the samples need to be 
enriched from a large volume. Water is first pre-filtered to remove large particles, 
potentially inhibitory to PCR and then passed through a 0.2 |am nylon membrane to 
concentrate bacteria. Paramagnetic beads coated with specific antibodies are used 
to trap the bacteria prior to DNA extraction and PCR. The positive amplified 
samples are then detected as specific bands on an agarose gel and the quantity can be 
enumerated using real-time quantitative PCR. 
The sensitivity of three different DNA extraction methods was compared. Among 
these methods, Chelex extraction was the most sensitive method. The detection 
limited for E. coli 0157:H7, L. pneumophilia and S. typhimurium were 10', and 
10^  CFU respectively, which was 1-log to 3-log lower than that of the boiling and 
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proteinase K method. The specificity of the PCR assay was also evaluated. 
Specific PCR products can be amplified only with the corresponding bacterial 
genomic DNA. No cross-reactions or additional bands were observed with other 
non-targeted bacterial species. 
The recovery efficiencies of filtration and IMS of E. coli 0157:H7, S. typhimurium 
and L. pneumophila were compared. The average recovery efficiencies of 
borosilicate glass filter, 0.2 |im nylon membrane and IMS were 83.4%, 75.4% and 
16.6% respectively. The overall efficiency was 10.4% and the major loss of 
targeted bacteria was in the IMS step. The detection limit of PCR of E. coli 
0157:H7, S, typhimurium and L. pneumophila followed filtration and IMS were 10 , 
10 and 10 respectively. The sensitivity of this method needed to be increased by 
1-log as the infectious dose of E. coli 0157:H7 and L. pneumophila are >10 CFU 
(Ford, 1999). This can be done by increasing the sample volume to be concentrated. 
Moreover, presence of high concentration of background flora (6-log higher than the 
targeted bacteria) and water samples from the polluted rivers did not affect the 
detection limit of this method. It showed that filtration and IMS could effectively 
eliminate background flora and potential inhibitors to PCR in water samples. 
Multiplex PCR is a useful tool for the detection of more than one target in a single 
134 
PCR reaction. The detection limits of multiplex PCR of E. coli 0157:H7AS. 
typhimurium, E. coli 0157:H7/Z. pneumophilia and S. typhimurium/L. pneumophilia 
were 10^ CFU. The detection limits of E. coli 0157:H7 and L. pneumophilia in 
multiplex reaction were 1-log higher than that in the single loci PCR. 
Real-time PCR for the quantitative detection of E. coli 0157:H7, S. typhimurium and 
L. pneumophila in seeded samples were described. The sensitivity for E. coli 
0157:H7, L. pnuemophila and S. typhimurium were 10^ 10^ and 10^ CFU 
respectively. Only targeted strains gave elevated signals while all non-targeted 
strains had no signal during real-time PCR. Using real-time PCR, the quantity of E. 
coli 0157:H7, L. pnuemophila and S. typhimurium were determined. The quantity 
determined were about 13%, 14% and 12.5% when compared with the original 
amount (10^). 
Environmental water samples may contain more than one type of microbial pathogen 
in addition to the indicator organism. Multiplex PCR is a useful tool for the 
detection of more than one target in a single PCR reaction. It can reduce the time 
and cost, and it can be useful for monitoring multiple microbial pathogens in a single 
water sample. In this experiment, the detection limits of E. coli 0157:H7 and L. 
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pneumophilia in multiplex reaction were 1-log higher than that in the single loci PCR. 
This may be due to the combination of DNA and primers that complicated the 
reaction condition. So, future works are needed in order to optimize the reaction 
parameter such as design of primers, reaction components and cycling conditions. 
Nevertheless, this detection method has two important limitations that need to be 
improved. The first limitation of this method is that the sensitivity of this method 
needed to be increased in order to meet the low infectious dose of E. coli 0157:H7 
and L. pneumophila. This can be done by simply increasing the sample volume to 
be concentrated. Since major loss of targeted bacteria was in the IMS step, so 
works can be done in order to optimize the IMS protocols such as concentration of 
beads, buffer, length of incubation time, temperature etc. The second limitation of 
this method is that it cannot distinguish between viable and non-viable pathogens 
from the water sample. It may lead to overestimate the number of viable pathogens, 
which are infectious to human in the water sample. One alternative to traditional 
excystation and animal infectivity techniques for viability determination is the 
detection of mRNA from a heat shock protein by reverse transcription-PCR. The 
test is based on the detection of mRNA, which was induced by a short 45°C 
incubation and produced only from viable pathogens (Stinear et al, 1996). 
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However, this method is only applicable to some species of pathogen, so future 
studies are needed to develop a rapid and universal method for differentiation of 
viable from non-viable pathogens in water sample. 
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